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PREFACE 

T he management of the* laboratory is probably the most 
difficult duty the science master ^s to &ce, often made 
more di^cult by the lack of satis&Aory assistance, for not 
many schools can afford the expense of a full-time laboratory 
assistant. As a result, the majority of teachers of science have 
perforce to struggle with the sole help of some senior- students, 
who, naturally, have received little or no instructi..rii'u'i the care 
of the laboratory and its apparatus, nor even in the preparation 
of the necessary reagents. . Many masters also, apart from one 
or two ideas gathered during their undergraduate days, h^ve 
received no systematic training in these duties. 

To overcome these and similar difficulties, the author was 
requested to give lectures to the graduates of the Cambridge 
University Training College for Schoolmasters, and it has been 
felt that the material of these lectures may be of some use to 
science-teachers generally. 

The origin of the bool indicates its purpose ; the research 
worker will often have to use methods of grater refinement 
than those outlined ; but ,the, busy science master will find 
methods described which have been chosen to give as little 
trouble as possible whilst yielding results quite compatible with 
school laboratory conditions. 

One branch of laboratory management seems to have been 
dealt with fully in other books, that of glass manipulation and 
similar laboratory arts. The reader is ther(3(ipre inferred to the 
following books on this subject : The MetMs^ of*Glass Blowing 
and of Working Silica in the 0>^gas Flame, by W. A. ShensMne ; 
Lahoratoty Arts, by G. H. WooUatt ; and Laboratoiy Arn, by 
R. Threlfall. 

I am indebted to the editors of The Journal of Education for 
permission to reprinf part of an article of mine on ^^chool 
Accidents : A Legal Survey,” and to the ^Jlforcester Ro^al 
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Porcelain Comply for permission to include their note on 
Tests f^r a E^gh-gradc 'Chemical Porcelain on p. izS. 

I wislf to express my great indebtednes'^ to Mr. C. Fox, Principal 
of the Cam^idge Univet»’ty Training College, whb tot 
suggested this book, and to Professor J. W. Adamson, Mr. G. H. J. 
Adlam, and Mr. J. Gray, F.R.C.S., of Guy’s Hqspital, who 
kindly read the manuscript and ifiade many suggestions for its 
improven^t. 

A. SUTCLIFFE. 

CakIbridge 
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M any alterations and additions have been made in this 
edition and I am giateful for ati*the help and advice 
in making these to my colleagues of the City School, to Mr. E. J. 
Saundei;^ of the Cambridge University Local Examination Syndi- 
cate and to Mr. W. C. Lister, chief steward of the Cambridge 
University Chemical Laboratories. 

A. SUTCLIFFE, 

Lincoln, 




FOREWORD 

By CHARLES FOX 

Formerly Director of Training of Teachers in the 
University of Cambridge 

T he science master at the beginning of his career is faced 
with a set of practical difficulties which are peculiar to 
his subject. These difficulties arise from the fact that practical 
work in the laboratory is an essential part of his teaching work. 
He has to look after apparatus, materials, chemicals, etc., and 
not only is he responsible for their upkeep but he has, in mgst 
cases, to purchase them or to advise about purchases. The 
detailed knowledge necessary for these purposes usually takes 
several years to acquire, is picked up haphazard and frequently 
at the cost of many failures. The time and effort devoted to 
these matters is a serious tax on the science master’s energy, 
and anything which tends to alleviate it ought 1^ be warmly 
welcomed. 

For some sessions Mr. Sutcliffe has given a course on Labora- 
tory Instruction to students ^t the Cambridge University Training 
College for Schoolmasters, and this book deals with the substance 
of his course. The lectures have been greatly valued as the 
students have felt that they were getting information which 
would guard them from making many mistakes if left to their 
own devices. But it is not the student alone who will benefit 
by the material here presented, since all Aiencq| masters will 
find information which is of the greatest practical moment to 
them. They will learn how to buy their apparatus, andi the 
best method of taking care of it. In the making of soliftions 
and kindred tasks they will learn what to expect from their 
chemicals in the way of purity and durability. These, and a 
host of similar essential practical details, Mr. Sutcliffe presents 
in a convenient form. 
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FOREWORD 


A* science master nowadays is expected not only to be able 
to advice on the arrangement of a laboratory but even to make 
suggestions about planning it. This fs as it should be, but it 
needs adequate, preparation <fn his part. Sound advice o*n these 
matters will be found in this bf>ok. 

In another respect the science master needs help, but usually 
does not get it except in a fortuit6us and unsatisfactory manner. 
He is responsible for sq/sing that accidents do not occur or for 
dealing with them when they do happen. He ought to be in 
a position to deal immediately with any untoward circumstances 
which may arise and for this purpose the advice given by Mr. 
Sutcliffe Is pertinent, adequate and practical. As far as I know, 
this information is not to be found elsewhere. 

For these reasons I am happy to be able to commend thi/5 
pioneer book to the attention of all engaged in teaching science 
in» schools, in the hope that it may be as useful to them as it 
has proved to be to Cambridge University students of Education. 
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THE LABORATORY AND ITS FITTINGS 

T he building regulations of the ifcnistry of ^Education 
prescribe the number and ‘size oi^ science laboratories and 
ancillary rooms of new maintained secondary schools. The 
standards are given in Statutory Rules and Orders, i6o5. No. 345, 
and they are elucidated and expanded in a “ Memorandum on 
the Building Regulations (160 j).” 

In accordance with the customary policy of the Minister, 
page 6 reads : It is considered preferable not to lay down in 
detail the precise number and type of the individual practical 
rooms but to leave as wide discretion as possible provided the 
total aggregate area is complied with.” 

The total aggregate area” is prescribed in Appendix II 
of the same memorandum, which gives the floor area for the 
laboratory, the preparation room and the lecture room. These 
sizes are given for the three types of secondary Schools. 

Thus, for the Secondary Modern school (described in the 
memorandum under the heading Alternative I, general for 
pupils aged 1 1-16 ”), a laboi;^tory of 960 square feet is prescribed. 
It is interesting to note that only one laboratory is prescribed 
for each of a one-, two- or three-form entry school, whether or 
not it is for boys or girls, and that the size is the same for all 
these sizes of schools. Preparation rooms and lecture rooms 
are not mentioned. 

The provision for science is much more glherous for a 
Secondary Grammar school (called “ Alternative II, general 
for pupils aged 11-18 ”). No distinction is made betweeri the 
provision for a boys' school, a girls' school and a mixed s3iool. 

A One-Form Entry school's laboratory is to be 960 square feet 
in area ; only one is prescribed and will, presumably, have to 
serve all the sciences. A preparation room of 230 sqy^re feet 
is also prescribed. 



2 THE LABORATORY AND ITC FITTINGS 

A Two-Form Entry school shall have two laboratories, each 
of 960 square feet, a lecture room of 540 square feet and two 
preparation rooms, each of 230 squafe feet. A Three-Form 
Entry school shall have thr^e “ general ” laboratories, dach of 
960 square feet, one advanced l^,boratory of 450 square feet, a 
lecture room of 540 square feet and three preparation rooms 
each of 230 square feet. 

The standards are aLo prescribed for a Junior Day Technical 
school. For a One- and a Two-Form Entry school. they are 
similar to those for the Grammar schools, except no lecture 
room is prescribed for the Two-Form Entry Technical school. 
A Three-Form Entry school shall have two science laboratories, 
of 960 square feet each, two preparation rooms, each of 
230 square feet and a Mechanics laboratory of 960 square feet, 

Whilst the science master is not responsible for the planning 
for the laboratory, which is the architects* job, he must be 
prepared to give advice. His advice is usually sought about 
the positions and sizes of the permanent fittings. 

The demonstration bench is the permanent fitting which is 
used most by the master and is required in every laboratory. 
Although at least one eminent scientist would dispense with 
this (see Sciefttific Method^ by H. E. Armstrong), it is on the whole 
desirable to include such a bench. It should be in a suit- 
able position where the master can easily observe the whole 
of the laboratory. In some laboratories the bench is placed on 
a platform, about 9 in. high, and this helps to make it easier 
for the master to see what is going on in the room, especially 
when he is using tall pieces of apparatus in the demonstration. 
The disadvantage of the step is when the master, or his assistant, 
is carrying some dehcate piece of apparatus, he has enough to 
do without having to watch where he treads. A convenient 
size of bench is 8 ft. long, 2 ft. 6 in. wide, and 3 ft. high. Ample 
floor space should be provided in front to permit the students 
to gather round it after some experiments have been performed 
and to see any apparatus and the like exhibited there. A space 
of about 5 ft. across is desirable for this purpose. On the 
teacher^ side there should be slightly less distance. He needs 
enough room 80 move about and work at the blackboard^ which 
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is placed \)ehind the bench but should be close enough to ^ave 
any walking backwards and Ibrwards. J[n some well-glanned 
laboratories this blackbotrd is a sliding one ^d opens directly 
into th^store-room placed behind. Jf this ^ done and a window- 
like opening, with a shelf in pjace of the window sill, is left, 
much time js saved in moving apparatus and chemicals from 
the store-room to the laboratory. 

The bench top should be of teak, about if to i| in. in jhickness. 
It should te provided with a sink of ample size (2 ft. by i ft. 6 ia.), 
over which is fitted a movable cover and which can slide and 
hang down the side of the bench when the sink is in use. If 
such a covet is fitted, the water-pipe should be hinged so as 
to fold into the sink. At least tliee taps should be provided, 
one as high as possible, another suitable for a filter-pump attach- 
ment, and in addition an ordinary tap. A couple of two-way 
gas distributors should be placed on the top of the bench near 
the fiir edge, and it is often convenient if a piece of asbestos 
or uralite is simk into th^ bench top where any hot piece of 
apparatus can be placed in a position of safety. 

The bench should be fitted with cupboards (preferably with 
sliding doors to make access easy), and with a few drawers. 
They should be placed on ^■he master’s side of the bench. In 
addition, a waste box for used filter papers, broken glass, etc., 
is very convenient, especially if made so as to be readily movable 
for cleaning purposes. The«drains connected with this bench 
should not run under the platform, but should be readily 
accessible. 

In the physical laboratory especially, and possibly in the 
chemical one, a supply of electricity should be laid on to the 
demonstration bench. Indeed, in many adv|nced laboratories, 
such a supply is laid to every bench and, by a switchSpard-control 
placed near the demonstration bench under the eye of the 
teacher, a supply varying from 6 to 200 volts or so ca^ be 
obtained. For most elementary work a supply at 6 to 24 volts 
is sufficient. 

It is sometimes advisable to arrange for a screen for lantern 
work to be placed near this bench, so that it can be bwer^ 
over the blackboard. If the lantern is used the l&boratory will 
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havt to be darkened ; although* this is possible with safety in 
the biological laborat^^ry and even in the physical, as a rule it 
is not advisable to do so in the cheifiical laboratory, since in 
the semi-darkfiess the^ boys giay be tempted to misuse the appar- 
atus and bottles so readily to Ijand. 

The Chemical Laboratory 

The position of tKis laboratory needs some consideration, 
for it must be remembered that during the chemistry lessons 
many obnoxious fumes are produced, and unless the laboratory 
is in a convenient place, the attendant smell will pervade the 
whole school. Because of this the chemical laboratory is usually 
situated on the top floor of the building, and, where possible, 
is cut off from the rest of the school by a corridor or passage, 
along which passes a free current of air. Naturally the direction 
of the corridor should be such that the fumes will be carried 
away from and not into the school — as occasionally happens. 

The minimum space per student is 30 square feet; generally, 
however, this space is far from ample, and even 40 square feet 
would be a moderate requirement. 

Whenever possible, the working benches should be arranged 
parallel to fhe demonstration bench, which is usually situated 
at one end of the laboratory. If this is done, the teacher is 
able to supervise the whole of the class more easily than when 
the benches are placed at right angles to his bench. So fair as 
possible the working benches should not be placed against the 
walls of the room ; wall space is required for shelving, ovens, 
cupboards, etc. A few narrow benches, say 2 ft. wide, could 
be placed there ; these would be useful for holding apparatus 
in reserve, for apparatus which has to be left overnight, or for 
distillations And experiments requiring considerable bench room. 

The first working bench should be about 5 ft. from the demon- 
stration bench (see above), and the space between each bench 
sucti that movement is possible and crowding avoided. This 
space depends on the type of bench chosen. If the bench is 
of the single t5rpe, i.e. where students work on one side only, 
the gMgways should be 3 ft. 6 in. or 3 ft. wide, but in most 
laboratories economy of space usually demands that the double 
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type of bench be provided. "C^hen this is done the gangways 
should be at least 4 ft. wide.* The double bench* arrangement, 
besides resulting in ecdhomy of floor space, is chelper on 
account of the saving in shelving^ woodwork ggnerally, pipes 
and drainage, and for these reaspns is usually preferred in school 
laboratories^ The disadvantage is that the pupils face in two 
directions ; that is, half of them have their backs to the teacher. 

The design of the bench is largely a/ matter of individual 
opinion. , All are agreed, however, that a working space 

3 ft. 6 in. to 4 ft. long and 2 ft. 6 in. wide for a single bench, or 

4 ft. to 4 ft. 6 in. for a double bench, with a height of 2 ft. 10 in. 
in each case, is desirable. The top should be of i»in. teak, 
with the rest of the woodwork in pitch pine or oak. The old 
t^pe was a long bench, with one or two shelves, to hold the 
reagent bottles, running the whole length, except for the sinks. 
The convenience of this is much appreciated by the lazy and 
mischievous student, who finds the shelving a useful obstruction 
of the teacher^s view. On the other hand, the shelves are a 
useful and convenient place for the storage of the common 
reagent bottles. When these are provided they should be fitted 
in a low position, say 7 in. from the surface of the bench, and 
they should be 4 in. wide O"^ a single bench, or 8 inf on a double 
one. In the latter case, the shelf must be divided into two by 
means of a fillet of wood or in some other manner. The appear- 
ance of the laboratory is eqjianced if the shelves are laid with 
white tiles, or pieces of plate glass painted white on their under 
surface, or white opaque glass. Indeed, in some laboratories 
the shelves themselves are of J-in. plate glass ; they slide into 
slots, or are otherwise supported so as to be readily removable 
for cleaning purposes. 

When the reagent shelves are omitted, as fhey i%ost probably 
will be in elementary laboratories, small movaUle trays are 
provided to hold the reagent bottles. Or instead of this, strips* 
of plate glass (4 in. wide by J in. thick for single bench^, or 
8 in. by J in. for double benches) may be sunk flush with the 
surface of the bench. This glass may be painted white on the 
under surface and embedded in putty. Better still, though a 
little more expensive, sheets of white glass may used insteW. 

S.L.k>. 
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Cupboards and drawers are usually fitted in the working 
benches. Drawers a^e essential ; they hold the small articles 
of common use, pipe-clay triangles, wfre gau2es, crucible tongs, 
etc., as well at the sti:jdents%notebooks. Alternate drawers may 
be provided with a small draw-shelf or flap on which the student 
can rest his notebook when writing his account, so avoiding 
the use of a dirty or wet bench forthis purpose. The dimensions 
of the drawer are abc)ut i ft. 6 in. to i ft. 8 in. wide, as long as 
possible from back to front and about 4 in. deep. Thus, 
allowing 3 ft. 6 in. working space for each student, every place 
can be fitted with two drawers. Some suitable device, such as 
a turn-button, should be fitted on the back of the drawer ; 
this, while preventing the boys from pulling the drawer out 
completely and perhaps upsetting its contents, enables the 
drawer to be taken out for cleaning purposes. 

Cupboards are not nearly so essential as drawers, but generally, 
owing to lack of storage room, it is often convenient to fit 
the benches with them. Unfortunately, bench cupboards are 
usually damp, especially when the open drainage system is 
employed. Thus, apparatus of iron — retort stands, tripods, etc. 
— soon become rusty if kept in such cupboards. It is therefore 
advisable tc? back every cupboard, so boarding in the open 
drain. But to make the drains accessible these backs should 
be movable ; for example, they might be fastened by means of 
a turn-button. Shelves are requked in these cupboards and 
they are generally fitted on the sides, so leaving the centre 
of the cupboard high enough to contain a retort stand placed 
upright. When cupboards are provided ample knee and toe 
space must be allowed for in the design of the bench. 

Small waste boxes should be fitted at convenient intervals 
on every b^ch, one box for every two places. The waste 
box holds used filter papers, broken glass, etc. It should be 
made of teak and lined with pitch, not metal, since some acid 
nuy be introduced into the box and would then attack the Uning. 
The box must be arranged so that the assistant can empty its 
contents quickly and easily. 

^Every boy should have the use of a sink, although two 
students on a«‘single bench or four on a double one may share 
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the same sink. The sinks sljould be about 12 ip. by 9 ih. by 
5 J in. in size and be provided with tw«) taps, at leas^one of 
which should be screwed to hold a filtef-pump attachment. 
If the ^k is a wooden one, the outlet must be scf arranged that 
there is always some water covering the bottom to prevent 
the wood from warping or cracking. Each sink should empty 
into a common drain, the exit fjipe being straight and containing 
no bends. The common drain should empty into, a settling 
trap at the end of the bench before emptying itself into the main 
drain. This trap keeps back all the accumulation of rubbish 
which somehow or other always gets into the sink, no matter 
how careful the teacher or students may be. A plUg outlet 
for the sink is preferable to a number of small holes, since it 
enables the sink to be used in place of a pneumatic trough, 
and even, in elementary physical chemistry, as a thermo-static 
vessel. A two-way gas distributor should be fitted for each 
working space. 

Every chemical laboratory needs a sufficient number of fume 
cupboards. In a laboratory for about two dozen students, 
three such cupboards at least are necessary ; four would be 
more convenient and certainly not an extravagant allowance. 
They should be situated in a*avenient places where each student 
can reach them without having to move too far from his bench. 
Although it is cheaper to erect fume cupboards in pairs, this 
arrangement is not very satisfactory, since it results in crowding. 
Where space is limited, they may well be built out of the labora- 
tory when what is usually the window serves as the door of 
the cupboard. This can only be done when the window sill 
is a convenient distance from the floor, say about 2 ft. 10 in. 
Since it usually spoils the appearance oi^the building, few 
architects care for this arrangement, which interfjges both with 
the lighting and ventilation of the laboratory. It is, therefore, 
perhaps not advisable except in a few instances, such as wh^ one 
side of the laboratory faces an enclosed space, or when appear- 
ances are of little importance. 

Each fume cupboard must be provided with an efficient flue. 
A draught may be obtained by fitting each flue with an abjfo- 
spheric burner or with a separate* electric fan. Alternatively 
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all the cupboards may be conne9ted to a common flue which 
has an^ electric fan atrits outlet. Whenever possible, the flues 
should be built int6 the walls at the time the laboratory is being 
erected. 

The cupboards are usually abf^ut 3 ft. 6 in. long by i ft. 6 in. 
to 2 ft. wide, although one of a larger size might be provided. 
The frames should be of wood "(metal frames are attacked by 
the fume?), and whe^e possible the cupboard should be glazed 
on the two sides and on the top. A sliding sash is more con-* 
venient than a door ; it should be arranged to give an opening 
of about 3 ft. and should be easily movable. Various materials 
have befcn suggested for the bed of the cupboard — slate, non- 
absorbent stone, lead or glazed brick. Of these slate is perhaps 
the best. Water and gas may be fitted in, if desired, but it is 
essential that as little metal work as possible be inside the cup- 
board ; hence the water and gas should be regulated from 
without. If a waste pipe is provided it should be sunk flush 
with the bed of the cupboard, so that the latter can be cleaned 
easily. Finally, lead paint must not be used on the interior 
walls — it is converted into black lead sulphide by the hydrogen 
sulphide ; instead, a white zinc paint (zinc sulphide is white) 
or- a speciaf distemper should be used. 

The position of the balances depends, as does that of most 
fittings, on the available space. Special balance rooms are 
sometimes built, and this arrangement has the advantage that 
the balances are kept free from the fumes and are usually placed 
where there is little traffic. For the first of these reasons the 
balance room should not open directly into the laboratory. 
The disadvantages of this plan are that a great deal of space 
is taken up, and t^at the boys, whilst in the balance room, are 
away from, the supervision of the teacher; the remedy is a 
suitable arrangement of windows. When the balances are kept 
in Ae laboratory, a special bench is often made for them. This 
bench should be in a place where there is little vibration and 
where the balances will not be subjected to any great difference 
of temperature. The shelf should be placed level ; it is generally 
made of slate, although for school purposes a substantial wood 
shelf would db as well. It should be i ft. 6 in. wide and space 
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should be allowed for each ^tudent to be seated when using 
the balance, at least 2 ft. being required. The shelf should 
be in such a place that the students can Work at the balance 
without being in the way of otheiis passing to and fro. Save 
in exceptional cases, balances should not be placed on the working 
benches and, no matter where kept, each one requires a good 
case, dust- and fume-proof, ahd with glass sides. 

When the positions of the more important fixtures, demon- 
stration bench, working benches, fume cupboards and balances, 
have been decided, the amount of wall space available for 
smaller fixtures should be considered. If a separate store-room 
and preparation room or both combined be provided, the storage 
arrangements are much simplified, and generally very little else 
is required in the main laboratory for this purpose. There is 
no doubt that a separate store-room is a great advantage, and 
this should be placed as near the demonstration bench as possible 
(see p. 5). On one side of this room must be placed a number 
of cupboards, with sliding glass doors and fitted with shelves. 
Owing to the different sizes of bottles used, these shelves should 
be movable, although in at least one cupboard the first shelf 
may be fitted about 2 ft. 6 in. from the bottom. In this cup- 
board would be stored su^h apparatus as the voltameter, the 
eudiometers. Lunge’s apparatus, etc. Shelving should be pro- 
vided on another side of this room ; these shelves may be of 
various widths, some about^4 in. wide and placed at the top, 
and a bottom shelf about i ft. high and 8 in. wide. On this 
latter shelf will be placed Winchester bottles containing con- 
centrated acids, etc. The shelves should be fitted with copings 
to prevent the bottles from slipping off. In addition to cup- 
boards and shelving, a working bench witl^ cupboards is con- 
veniently placed in the centre of the room whillj on a small 
wall bench a large sink, for washing up, is necessary. This 
sink, 3 ft. by 2 ft. by i ft., should be connected with a ^ge 
grooved draining-board which slopes slightly towards the sink. 
Against the wall may be fixed a vertical board into which inclined 
pegs are driven. Flasks, etc., can be placed on these to drain. 
As an alternative, or perhaps additional, a shelf-like structure 
may be placed over the sink. In it holes, somff ij in., others 
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2 in. in diameter, should be bored at convenient distances, so 
that the flasks may be^ placed neck downwards in the hole and 
left there to dry* Instead of using the peg board or the shelf- 
like structure a metallic drakiing board can be used. This has 
strips of metal made to form a fjattem of small squares. Into 
each square a flask, etc., can be left to drain. If hot water is 
laid in the school, a tap should bfe fitted over this sink ; if not, 
a small w%ll geyser, or some other arrangement for yielding a 
supply of hot water, must be provided. Cold-wateF taps are 
of course required, and one of these should be placed about 

3 ft. above the bottom of the sink to allow long pieces of apparatus 
to be readily washed. 

If no store-room is provided, arrangements have to be made 
to store all the apparatus and chemicals in the laboratory. The 
use of store cupboards in corridors outside the laboratory is to 
be deprecated, both on account of inconvenience and also 
because of the risk of pilfering (see p. 131). Cupboards, shelves 
and sinks similar to those described above will be necessary. 

Shelves for reagent bottles are required in the main laboratory. 
These should be fixed so that no boy need move too far from his 
place ; a suitable position is opposite each gangway. The 
shelves neecf to be about 4 in. wide and 7 in. apart, and the 
highest should not be more than 5 ft. from the floor, so as to 
be within reach of the boys. About 8 or 9 ft. of shelving is 
necessary for each set of bottles. 

Each laboratory requires a distilling apparatus (which may 
be placed in the store-room), and drying ovens are essential. 
Various types of these are on the market ; a combined oven 
and still is now the most popular model. Obviously, the type 
to be purchased sljould be decided first and then the necessary 
space allowqi for it. Sometimes this apparatus can be placed 
on the side bench, or perhaps a special bench can be made, 
or, where space is limited, a large stone slab can be let into 
and supported from the wall. The size of such a slab, etc., 
varies with the type of still ; but it must be remembered that 
provision must be made for the vessel which collects the distilled 
w^ter. 

If a muffle ftTrnace is to be used, its position should be decided 
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before building, so that the flue can be built into the wall. • In 
many cases a combustion hood is fitted o^er one of the benches, 
and this also requires a Sue. Such an arrangement is necessary 
in an Advanced laboratory and is, desirable in gn elementary 
one. 

The blowpipe table, if required, should be about 2 ft. 10 in. 
in height and be covered with an asbestos dr uralite top. The 
table should be placed in one corner of the laboratory where 
it will bd free from draughts, and where the light is subdued, 
for in blowpipe work it is often advantageous to observe the 
colour of the heated glass, since this is an approximate guide 
to its temperature. There should be a clear space on the left- 
hand side of the worker, so that he can manipulate a long piece 
of glass tubing in safety. 

In addition, the laboratory should contain a long box or a 
rack to store the glass tubing and rods. A rack is preferable ; 
it should be about 6 ft. long (most of the glass tubing is sold 
in 5 -ft. lengths), and some 4 in. wide. It may be divided into 
different compartments, somewhat like the rack in a decorator^s 
shop which is used for storing wallpaper, each compartment 
being 6 in, by 4 in. Care must be taken that the pieces of glass 
do not project beyond the end of the rack. 

A notice board should be placed in a convenient position 
and a case for the keys belonging to the drawers and cupboards, 
etc. This case may contain«a number of hooks, and each hook 
should bear a number corresponding with that on some one 
key. It should be provided with a fume-proof glass front. 

It is also advisable to pay special attention to the position 
of artificial lights. These should be placed so that every working 
bench is well lighted, as well as the fume cupboards, black- 
board and the other large permanent fixtures. ^Much incon- 
venience and waste is caused when more than one lamp is 
connected to the same switch unless the connection has been 
well planned. Generally speaking, one switch might control 
all the lights over each bench, another for the demonstration 
bench and blackboard, and one for each fume cupboard, etc. 
The casing of these switches should be of a plastic material 
which is, of course, an insulator and which dots not corrd&e. 
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No light, especially no electric buljD, must be placed immediately 
above ^ probable source of heat. 

The chemistry laboratory should always have at least two 
ways in and dut, so that ona of them can serve as an emergency 
exit in case of fire. When tha laboratory is put upstairs the 
possibility of a quick escape in case of fire must be borne in 
mind when planning the buildiifg. 

Alternative exits might also be made in the physics, biology 
and other laboratories (and workshops). 

The Physical Laboratory 

This laboratory is most conveniently situated on the ground 
floor, where there is least vibration ; in technical schools and 
similar buildings, it should not be near the workshop or other 
rooms containing large masses of iron or electrical apparatus. 

The demonstration bench (except for the gas supply), black- 
board, balances and the manner of lighting are similar to those 
described for the chemical laboratory. One fume cupboard at 
least is required, for work with the Bunsen and Grove cells, etc. 

There are two types of working benches in use, fixed and 
movable. Those of the former type are freer from vibration, 
whilst when the latter are used free floor space can readily be 
arranged, as is required for certain experiments, e.g, the determina- 
tion of the magnifying power of a telescope. In most labora- 
tories, however, the benches are fixed to simplify the arrangement 
of the gas and water supply, and a long bench is fitted running 
the length of the room, perhaps against the wall, for experiments 
of the above nature. There is, of course, no reason why a 
laboratory should not be fitted with both types of bench. 

Cupboards are pot essential in these benches, but drawers 
are. All th^*ironwork should be kept free from the bench top 
so as to allow a large open space for work. Thus the gas 
fittings are placed under the edge of the table, which is made to 
project for this purpose, and oblique holes, i in. diameter, are 
bored near each tap. The gas tubing will then pass through 
these holes when the gas is in use. All around the table, on 
tljp inside of the oblique holes, a groove is made, with an outlet 
at each comer %o that any mercury which is spilt can be collected 
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easily. Above some of the .benches may be fispd suspension 
rails of wood (3 in. by 2 in.), about 3 ft. above the surfacjp of the 
table. These rails are useful for a number of experiments 
involving the use of pendulums, pulleys, etc. 

Fewer sinks are required than in the chemical laboratory, 
and two lasge sinks are ample for the whole laboratory. One 
part of the laboratory should be made suitable for work in 
mechanics. For this, one or two beams can be lefif exposed, 
or else a» wooden one fixed across the top of this part of the 
laboratory. Hooks, etc., will be screwed into this by the teacher 
to support his mechanics apparatus, pulleys, wires, pendulums, 
etc. The wall in the same part of the laboratory should be 
boarded to a height of 6 ft. for a similar reason. Such an arrange- 
ment may save much plugging of the walls at some future 
date. In addition, wall-supports for heavy pieces of apparatus, 
e,g, flywheels, and smaller shelves for galvanometers, should 
be built into the walls. 

It is sometimes a convenience to have electricity laid on to 
some or all of the benches. Methods of doing this are mentioned 
in Pamphlet No. 13 of the Ministry of Education, entitled 
“Safety Precautions in Schools,*’ pp. 12-17. 

If no separate dark room is available, all the windows should be 
fitted with boxed-in dark bLnds ; whilst if a dark room is made, 
it should be provided with red as well as ordinary electric lights. 

Store cupboards are required either in the laboratory or in 
a separate room. These cupboards must be quite dust-proof. 
One should be large enough to hold pieces of apparatus like 
a Wheatstone’s bridge, air pump, etc. ; that is, it should be 
about 4 ft. long by i ft. 6 in. wide and 2 ft. 6 in. deep. A 
number of cupboards about i ft. 6 in. back fo front, fitted with 
movable shelves, are required, and a chest of drawer^ is necessary. 
Part of this chest may be fitted with very shallow drawers, 
say 2 in. deep, to hold thermometers, lenses and such small 
pieces of apparatus. 

The Biological Laboratory 

This laboratory should be situated so that it is lighted from 
the north, for this light, being diffused, is the rribst suitable for 
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microscopic work. Tables^ of- a ^mple design only, are neces- 
sary; cupboards andfpossibly drawers can be dispensed with 
in these tables. About 3 ft. by 2 ft. 10 in. should be allowed 
for each working space. Gas should be laid on to some, if 
not all, of the benches, but the i^upply need not be as generous 
as it is in the chemistry laboratory. Only a few sinks are re- 
quired ; they should be large aild deep and should be placed 
so as not Xo interfere with the working space on the benches. 

If the laboratory is for advanced work an electric point should 
be put at each work place so that the microscope can be 
used in dull weather. Electric points are necessary in every 
laboratory to enable a microprojector and a film-strip apparatus 
to be used. These should be placed conveniently to the wall- 
space which is being kept clear for use as a screen. The window5 
of the laboratory should be fitted with built-in dark blinds. 
Places for an oven, a still and an aquarium should be provided. 
The aquarium must be put in a position which is out of direct 
sunlight ; fume cupboards are not essential. Cupboards, as in 
the physical laboratory, as well as lockers for the microscopes, 
are necessary. In the advanced biology laboratory it is a 
good provision to put a storage cupboard for a microscope 
at each work space. Excessive handling of 'the microscope 
is thus prevented. In addition, there should be a large 
museum cupboard, two or three large drawers for the herbarium 
(4 ft. X 2 ft. 6 in. X 7 in.) and plenty of shelves for specimen 
bottles. 

The Combined Laboratory 

In many schools one laboratory has to do service for more 
than one subject, ^chiefly for physics and chemistry. Usually 
only work ot an elementary nature is done there and the planning 
may be of a simple kind. Generally, the requirements of physics 
sho\ild take precedence ; that is, the benches should be of the 
type required for work in physics with free bench space. As a 
compromise, each bench should be fitted with sinks, possibly 
with movable covers and folding water taps. Cupboards may 
befitted to the benches where there is little storage room else- 
where. In plice of shelves, small teak trays can be provided 
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for the reagent bottles, and tijese, when not in us^, as during a 
physics lesson, should be removed and* kept on a sit^e shelf 
near by, or else on one of the shelves in* the cupboard. It 
must hb remembered, when planning such a laboratory, that 
corroding fumes will be producod at times. Hence all cupboards 
in which delicate apparatus is to be stored should be as airtight 
as possible, and the laboratory well ventilated. 

School Qardens 

The Statutory Rules and Orders of the Ministry of Education, 
i6o5> (No. 345), to enable outside practical work to be done, 
prescribe that the area of the site of a school can be ihcreased, 
thus : “ Where the curriculum of a County School or of a 
Voluntary School includes gardening, the growing of fruit and 
vegetables, the keeping of live stock or similar activities, . . . 
the appropriate area specified in this Regulation shall be increased 
to such an extent as may be approved in each case ” (Part I, 
Section 2 (2)). 

From this it would appear that an application can be made 
for an increased site, for the purpose mentioned, in respect of 
any existing school or any new school. 



CHAPTER II 


LABORATORY ORGANIZATION AND MANAGEMENT 

T he n;ost difficult and trying duty of the science master is 
that of organizing his laboratory so that work goes on 
smoothly and efficiently. His tasks are many and range from 
disciplinary problems to means of ensuring cleanliness ; from 
the ordinary routine work of the ordinary teacher to his own 
specialized problems. The contents of this chapter seem to fall 
under the two headings, laboratory discipline and organization, 
and the care and cleanliness of the laboratory and apparatus. 
The former will be dealt with first. 

Laboratory Discipline and Class Government 
Freedom is the keynote of modern education, and the strict, 
mechanical and silent obedience is now, happily, a thing of the 
past. But in spite of the demands for self-government, the fact 
remains that discipline is essential ; the class must be under the 
complete control of the teacher no matter by what means this 
control is exercised. The science master especially must be the 
supreme authority in his laboratop/ and must not delegate his 
powers to anyone. There can be no self-government in a place 
of such potential dangers, where a moment's disobedience may 
bring results which last for life. But as strict obedience must 
be habitual, all instructions given must be carried out to the 
letter, whether theje is any danger or not in a particular experi- 
ment, and cjftobedience and neglect punished without fail. It 
follows, as a corollary, that instructions should not be given 
exc^t when necessary. Too many rules and warnings defeat 
their own purpose and there is nothing a boy detests so much as 
Don’t do this, or don’t do that.” It is better to tell him 
positively what he has to do and to keep the “ Don’ts ” until 
they are necessary. 

Yet the sciehce master must not be a martinet. The sign of 

i6 
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good discipline is not the sil^ce of apathy, but an atmosphere 
of healthy work. The laboratory is es^ntially a workshop, a 
beehive of industry without too much of the buzz. Some 
talking is necessary, and it is desirable^ within* limits and at 
the proper time. Laboratory conditions are directly responsible 
for this. Bew laboratories are large enough to enable every 
boy to work by himself even if it is desirable in theory, and 
scarcity of apparatus often prevents it. Hence in /nost cases 
the students are paired and with some advantage. Work is 
then done more quickly ; this is an important consideration 
since the time allotted to science is frequently less than one 
would desire in order to carry out all the practical work ade- 
quately. One boy can often help another, especially when a 
bright experienced boy partners a weak one, though then the 
willing horse must not, of course, be allowed to do all the work. 
A useful arrangement is to make the experienced boy a demon- 
strator ” (of the university laboratory type) ; that is, he stands 
by and sees that the weaker boy does the work correctly. Boys 
will frequently discuss their work with one another when they 
would not care to do so in the first case with the teacher. Often, 
as the result of such a discussion, some important question is 
raised which ultimately finds its way to the teacher and hence 
back to the whole class. It the boys work in pairs, some talking 
is necessary, but there is no reason for a boy to talk to anyone 
other than his partner if both know exactly what has to be done. 
But certain precautions are necessary in this pair arrangement.” 
Directions should be given to both and not merely to one of the 
students. Each boy must know what his partner is doing, and 
why, for every one must make his own observations, take a 
note of all the weighings and measurements, write his own 
account and do this independently. There is Apt, however, 
much harm in allowing the students, especially young ones, to 
check each other’s weighings and measurements. In short, the 
manipulative unit may be the pair, but the mental unit is certainly 
the individual. 

This pair arrangement ” is desirable in the lower forms 
only. A boy in the examination form must work by himself, 
and in the advanced classes individual work is, of course, essential. 
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But even then some co-operatiqn is at times desirable ; for 
exampl^, during certain experiments in physics, the manipula- 
tion is such as requires the co-operation of two students. In 
chemistry, dicing organic preparations, when once a student 
has learnt to fit up apparatus, there is no need for him to spend 
on every occasion the long time often necessary to do this. In 
a moderately large class one boy can get the apparatus ready 
for a particular experiment and then be allowed to demonstrate 
the experiment to all the boys, with the master standing by, 
prompting and assisting with questions ; or the boy may finish 
the experiment and then exchange his apparatus, already fitted 
up, with chat of another boy who has done a different experiment. 

Although a certain freedom of movement has to be permitted, 
the laboratory arrangements must be such that no boy has tp 
move far from his working bench, and although some talking 
is allowed, unnecessary noises must not be permitted. Especially 
when the teacher finds it necessary to address the class must he 
obtain silence. It is surprising what a good disciplinary influence 
can be secured in this manner. When a master is going to 
speak, all bunsen burners must be quietened (but see p. 32), 
all water taps stopped, every noise subdued. The master 
should not interrupt too much when once practical work has 
commenced, and in a well-planned lesson almost the only 
legitimate occasion for interruption occurs when he sees some 
general fault in manipulation which has to be corrected at once. 

The laboratory is the Happy Hunting Ground of the mis- 


chievous boy. What opportunities are presented to him I 
There is the wash bottle and pipette for squirting, rubber tubing 
for flicking his neighbour, metre rulers for fighting, lead shot 


for pea-shooters, ^mercury for table billiards, the booby trap 
of emptying, bottles and refilling them with water or some other 


liquid, and so forth. Hence the master has to keep an eye 
ope^, for though his sympathies may be with the boy (and even 
his admiration for some ingenious contraption), he cannot permit 
such proceedings. It is well to nip such happenings in the 
bud, possibly by spending the first few lessons in work simple 


eijough to keep the class busy until the master establishes a 
routine of gobd discipline. 
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The laboratory must be kept locked when n^t in use. A 
Form going there for a lesson should b^ made to line up 
outside the door until thfe teacher gives the ’word to enter. It 
is inadvisable to allow any boys to be in the laboratory unless 
a teacher is present ; a few schools, however, do relax this 
rule for Sr^th Form science specialists. No boy should be 
allowed in the store-room or ^ the preparation room unless he 
is expressly sent there for a definite purpose by th§ teacher. 

Economy in the Laboratory 

Science is the most costly of all school subjects, and if the 
master in charge does not economize as much as possible he 
may often find himself unable to purchase many necessary 
tilings. 

The best economy is effected by ensuring that apparatus is 
not ruined through ignorance or carelessness. Batteries can be 
spoilt through short circuiting ; resistance boxes and ammeters 
burnt out by too large a current ; thermometers broken through 
unequaj or rapid heating. Hence, before any student is allowed 
to use delicate apparatus, he must know what it is capable of 
standing, its sensitiveness to physical changes, and so on. One 
rule, to which there are few exceptions, must l 3 e enforced 
rigidly — no experiment must be commenced without the teacher’s 
permission. The student may get everything ready to begin, 
and in experiments in electricity make all the connections ; but 
before the current is switched on the teacher must inspect the 
apparatus. Any apparatus requiring special care must be 
marked accordingly. 

Renewal of glassware is a costly process, and one way of 
avoiding this is to purchase only good glas|ware (see p. 122). 
When such is used breakages are almost always caqped by care- 
lessness, which must be systematically punished, possibly by 
demanding part payment. In schools maintained by Local 
Education Authorities it is advisable for the science master to 
obtain first of all the permission of the Headmaster. It is not, 
of course, necessary to make the student pay the full price of 
a broken article. Indeed, a nominal charge, such as a boy ^n 
pay out of his own pocket-money, is better ; f>therwise it is 
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often the parent who suffers. Money received from breakages 
may form the nucleus of a petty cash account. 

Many a fortune, sit is said, has been rAade out of the halfpence ; 
certainly muoh money is wasted in small ways. Test-tubes, for 
example, are thrown away when the bottom has been broken, 
and yet almost any boy can draw out the tube aijd seal it up 
again. Microscope slides and cover slips are frequently crushed 
and thrown away when a little care will prevent their destruction. 
Rubber tubing is treated as worthless and pocketed by niany a 
boy. Filter papers are bought only for filtering, and should 
not be used for other purposes — they are certainly not the 
school supply of blotting paper I They should not be used for 
fetching supplies of solids, for any waste paper can be utilized 
for such a purpose. Hence in every laboratory there should be 
pieces of paper, torn into a convenient size and hung in a suitable 


place. Indeed, writing paper, being glazed, is better than filter 
paper for this purpose, provided it is clean. 

Gas costs money ; there is not a free and unlimited supply, 
even if it appears so to the pupils. Let them recall what their 
parents would say if a gas light were left on when not necessary. 
Yet a bunsen burner consumes more gas than many a house 
light does. ' All too often one sees bunsen burners lit when 
they are not required ; often they are roaring away when only 
a small flame is needed ; on some occasions they are left alight 
in an empty laboratory. The gas^control tap should be turned 
off each night. This, also, helps to prevent outbreaks of fire. 

It is much the same with the water supply ; water from the 
mains has to be paid for by somebody, and waste should be 
deprecated. Particular care must be exercised in the use of • 
distilled water, for^although most masters make their own supply, 
the cost of 5oing this is quite appreciable. The distilled water 
placed in tJie wash bottles is not there for washing purposes. 
Except in the case of advanced students doing work of an 
accurate nature, tap water is good enough for such operations 
as the rinsing out of vessels. There are really few occasions 


during elementary work when ordinary taD^watqi: wi^^ot serve 
in place of distilled. The inaccuracwll^prajduced b)^^ use is 
by no means «;f the same order as th^ errors ipf^^ighing 

it /OJIO^'J 
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and measuring. There are, however, localities in which the 
use of tap water is not advisable, owing to the dissolved matter 
it contains. Its use mujt be largely at the discretion>of the 
science master, who should know the nature of the^main supply. 

Economy can also be effected in the chemical laboratory in 
the amounts of reagents used. If the Twice Normal System is 
used (see p. 46), it is an easy ma,tter to make a rough calculation 
how much to use, and the students, especially in the advanced 
classes, should be instructed on this point. 

Finally, a talk on the prices of the various chemicals and 
apparatus can be introduced on any appropriate occasion. Few 
boys realize the price of a good beaker ; fewer still kpow the 
difference in price between potassium iodide and potassium 
nitrate, or mercuric chloride and sodium chloride. It may be 
advisable to mark the bottles containing expensive chemicals. 

The Recovery of Substances 

Possibly many substances are not worth the recovery financi- 
ally. But the difierence between a school and a works laboratory 
is obvious. For when a chemist is paid a high salary it is false 
economy for him to spend time in recovering certain substances. 
In a school laboratory, however, the time &ctor dctes not enter 
to the same extent, and the chief consideration is the relative 
cost of the substances used in the process. Against this latter 
item must be set the consideration that many processes of 
recovery make a useful exercise and seem real to the student. 
A boy, for example, often thinks he is playing at school when 
told to dissolve a substance in water and then recover it by 
crystallization. He views diefBtently an operation such as 
recovering zinc sulphate from the residues in the hydrogen 
bottles, or the calcium chloride formed duriftg thS preparation 
of carbon dioxide. Such residues may be preservedTand treated 
as suggested above. 

A few definite processes of recovery may now be mentioned. 

Silver Residues . — ^Whenever silver salts ate being used, e.g. in 
volumetric work, the solutions and residues left should be 
placed in a large beaker instead of being poured down the sink. 
The silver is usually present as the chloride ; if jjot, it must*be 

S.L.M. 
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corxverted into it by the addition of hydrochloric acid. (It is 
always advisable to add a few drops of hydrochloric acid to the 
residue, from titrations to ensure thac all the silver is present 
as the chloride.) The precipitate is allowed to settle aiid from 
time to time the clear liquid is (^canted off until enough chloride 
to make recovery worA while has been collected. It is then 
well washed with boiling watei; and filtered at the pump. 

The amount of precipitate present should be ascertained by 
a rough weighing. It is then transferred to a large eyaporating 
basin and a concentrated solution of caustic soda added. To 
this, commercial glucose (about four times the weight of the 
chloride) is added and the whole digested for a few hours until 
a sample of the residue completely dissolves in nitric acid. This 
residue is grey silver. It is filtered off, dried, mixed with solid 
sodium carbonate and a little borax, and then heated in an earthen- 
ware crucible over the blowpipe. The silver collects as a metallic 
mass. This silver may be dissolved in nitric acid to give a 
solution of silver nitrate, and this, when standardized against a 
known sodium chloride solution, may be used for volumetric 
work. 

Instead of treating the chloride with caustic soda and glucose 
as above, it may be reduced in a stream of hydrogen, or coal-gas, 
and then fused with sodium carbonate, etc. 

Iodine , — It is doubtful whether the recovery of iodine is worth 
while financially, but as the follo>^ing process may be used for 
purifying an impure sample, details will be given. 

To the iodine residues (potassium iodide, etc.) is added a 
solution of sodium nitrite and then one of sulphuric acid. 
Hydriodic and nitrous acids are formed and these react, forming 
iodine. 

2HI + 2HNO2 = 2H2O + 2NO + I2 

The iodine is filtered off, placed in a large flask and steam dis- 
tillAl. Iodine vapour is insoluble in water and hence the 
substance settled in the receiver. It is filtered and resublimed. 

Mercury , — ^Mercury readily amalgamates with zinc, lead, copper 
and many other metals. It must, therefore, be kept out of 
cdntact with tt.em. As soon as the mercury leaves a ‘‘ tail,” i,e. 



LABORATORY ORGANIZATION AND MANAGEMENT 25 

when it leaves a deposit when pin over a sheet of p^per, it should 
be purified. The best method of doing# this is hy distillation 
in vacuoy but this is a very laborious process and is, generally 
speakiil^, unnecessary in a school labo^ratory. Any of the 
following methods is satisfactoj?y. 

The mercury may be boiled with a very dilute solution of 
nitric acid, less than normal • strength, and then thoroughly 
washed by; a constant shaking with distilled water. ,It is then 
dried (using filter paper) and filtered through a 
paper containing small holes made by a pin, in 
the apex of the funnel part. It is finally squeezed 
through the pores of a chamois leather. 

An alternative method gives equally good 
results. The apparatus consists of a long glass 
tube, about a metre in length, at the bottom of 
which has been sealed a piece of capillary tubing. 

The latter is bent as shown so that the top of 
it comes above the bottom of the long tube. 

This acts as a siphon through which the mercury 
flows into a thick walled collecting vessel. 

The capillary tube is filled with mercury and 
the long tube with dilute nitric acid of approxi- 
mately ij normal strength The stem of the 
funnel has been bent at an angle of i2o degrees 
and has been drawn out' to®a thin jet. 

Impure mercury is placed in the funnel, and 
on coming out drop by drop, hits against one 
side of the tube and is deflected to the other. It is deflected 
in this manner all the way down the tube, thereby falling in 
a zigzag manner and so coming in contact wit|| more add. 
The first lot of mercury which comes out of the Gipillary tube 
is the impure mercury first added and should be put through 
the apparatus again. The mercury is dried as above. 

Another method is to place the mercury in a botde, cover it 
with concentrated sulphuric add and draw a current of air 
through it by the filter pump for a day or so. The current of air 
stirs up the mixture. The add is then poured off and the mercqfy 
washed quickly with water. It is then dried as described above 
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Alcohol and Bem^cne Bjstdms . — ^In laboratories where these 
substaqfes are used ic large amounts where many experi- 
ments in physical and organic chemistry are done), these residues 
are worth the- saving The liquids are recovered by fractional 
distillation. 

The Arrangement of Experiments 

Students in elementary classes all work at the same speed and 
do the same experiments. This is convenient to the master and 
usually there is sufficient apparatus to allow this plan to be 
adopted. In the advanced classes, however, it is sometimes 
advisable to allow the student to proceed at his own pace, 
especially during the physics lessons, for there is usually only 
one or two pieces of the same apparatus. In such a case the 
master must have some convenient system whereby he can 
readily learn what the student has done and what he is doings 
The following plan has been equally successful both in the 
chemical and physical laboratories. In the former the students 
prepare their own stock of volumetric reagents. 

A large sheet of paper or cardboard is ruled vertically and 
horizontally^ At the end of the horizontal columns are written 
the names of the experiments, arranged approximately in the 
same order in which Aey will be performed, similar experiments 
being placed together. 

The names of the students are written at the top of the vertical 
columns. The horizontal columns may be divided into sections ; 
for example, in chemistry one section will be reserved for volu- 
metric work and will have sub-headings as acidimetry and 
alkalimetry, silver nitrate, potassium permanganate and iodine 
titrations, ^ach < sub-division is further divided so that one 
experiment is at the head of each vertical column. Other 
sections will be reserved for gravimetric analysis, experiments 
injphysical chemistry, organic and inorganic preparations. A 
very useful section, where much qualitative analysis is performed, 
is one merely numbered consecutively. These numbers corre- 
spond to numbers on the labels of bottles containing different 
iflixtures specially prepared for analysis. Hence the students 
may work af'their own speed when doing this type of work. 
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When a particular student has been allotted an experiment, a 
diagonal mark is made in the appropriate columh. When the 
experiment has been finished, written up, and the account 
initialled by the master, but not before, a cross i^s made in the 
column, so indicating that that; particular* experiment has been 
concluded. The master should inspect this chart occasionally, 
and is then in a position to, stimulate the slacker or advise 
the student who has been absent what to do (see Appendix 
III). 

The Laboratory Log Book 

A very convenient book in the laboratory is one }n which 
miscellaneous details can be entered and so preserved. In that 
belonging to the chemical laboratory there would be entered the 
composition of the mixtures made for analysis, the melting- 
and boiling-points of the organic substances usually prepared, 
and various data relating to experiments in physical chemistry, 
e.£. partition co-efficients, the solubility of different substances, 
etc. 

The value of such a book is more apparent in the physics 
laboratory, entries being made of the focal lengths of the mirrors 
and lenses likely to be used, the water equivalents <jf the various 
calorimeters, the galvanometer constants, the E.M.F.’s of the 
different cells, and so on. Each piece of apparatus likely to 
require registration in this ^nner will be appropriately num- 
bered. (Duro ink may be used for the glass, or the latter may 
be etched.) Reference should then be made easy. 

The Stock Book 

Part of the duty of the laboratory assistant is the keepifi^T of 
a stock book. This should contain a list 6f all*the apparatus 
in the laboratory, with the number of each piece tH&t the nuster 
considers necessary for the efficient working of his laboratory. 
The assistant will revise the book periodically and enter iA the 
proper column the number of each article in stock. This book 
should be presented to the master, who will inspect and initial 
it, and so see what stock requites renewing. Any purchases 
made will be entered, with the date of purchase Such a bSok 
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is liseful when any new brand of glassware, for example, is 
purchased, for then a^ rough comparison between the various 
grades Ian readily tbe made. 

THE CARE AND CLEANLINESS OE 
APPARATUS 

In this section the names of the various topics mentioned will 
be arranged in alphabetical order. Attention may be cjrawn also 
to the chapters on Chemical Reagents, The Physical Laboratory, 
and Biological Apparatus and Material. 

Balances 

The location of the balances is usually out of the control of 
the teacher. His duty lies, as far as is possible, in preventing 
corrosion due to fumes and spilt chemicals, and in ensuring that 
the balance is treated with due care. Balances should be kept 
in cases, and, especially in the chemical laboratory, should not 
be removed from them when weighing. If it is necessary 
to take the balance elsewhere, it is advisable to remove the 
pans and supports so as to avoid any jar which may ruin the 
knife-edge. 

The atmosphere inside the balance cases of delicate balances, 
and those with steel knife-edges, should be kept dry. For this 
purpose a small vessel containing quicklime should be placed 
within the case. All weighing must be done on watch-glasses 
or in a weighing bottle. Volatile and deliquescent substances 
should always be weighed in a closed vessel ; chemicals should 
on no account be allowed to come in contact with any part of 
the metal, especially the pans. 

Unless care is exercised, weights, especially the fractional ones, 
are soon lost. Hence a monitor for each class may be appointed, 
whose duty is to go round at the end of each lesson and check 
the ^weights. It is very helpful to keep the small weights on a 
plate fastened to the wooden base of the balance. These weights 
should, if possible, be covered by a glass slide. The plate 
is divided into an appropriate number of spaces, each space 
indicating ther- place for the corresponding weight. Such 
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plates, ready marked, may be, purchased from mc^st laboratory 
outfitters. 

Balance pans, no matter how carefully used, in time g^t dirty, 
and altRough this can be avoided partly by placing counterpoised 
filter papers on each pan, the master has ultimately to decide 
whether or not he will clean the pans. The obvious disadvantage 
of cleaning such pans is that the adjustment of the balance is 
destroyed. But some readjustment is rendered necessary owing 
to the state of the pans. 

The ddansing is an easy matter : if the pans are at all greasy, 
they should be dipped for a moment in a very weak solution of 
ammonia, washed with water and then polished with powdered 
flint. When the pan is very dirty, it may be necessary to dip 
it in a dilute solution of nitric acid. In this process an appreciable 
amount of metal may be dissolved, and hence it should be used 
on few occasions. Either process destroys the covering of 
lacquer ; hence it is necessary to apply a new coating. The 
balance must then be readjusted. During this cleansing process 
care must be exercised that the delicate parts of the balance, the 
knife-edges, etc., do not come in contact with acid. 

A few of the laboratory outfitters will recondition balances, 
and a really old decrepit balance can be made as new for a 
relatively small sum. 

The Barometer 

Every school laboratory should possess a Fortin’s barometer, 
or some such reliable instrument. This should be hung in a 
vertical position from the top hook so that its central line 
coincides with the string of a plumb bob. The bottom attach- 
ment must then be screwed fast. The baj^meter should be 
placed in a well-lighted position, with the scale aboyt 5 ft. from 
the groxmd so that it may be easily read. It must not be placed 
near a radiator, or in any place where the temperature is liable 
to fluctuate. When once fixed in position it requires ^lttle 
attention. 

If it is ever necessary to remove the barometer to a new 
position, the screw at the bottom should be adjusted so that the 
barometric tube is full of mercury. This is do^e in case tlie 
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barometer is accidentally shaken d|iring transit, when the mercury 
will not bump agains/* the glass and cause a breakage. It also 
prevenls the air from entering. 

The Bench Tops 

In old laboratories the bench tops were usually made of yellow 
pine or red deal, but these wood} are not waterproof, since they 
contain little or no natural oil. Hence bench tops of such woods 
have to be made impervious to water and other liquids, or else 
the wood will rot. One method of doing this is to apply a thin 
coat of parafiin wax. This used to be done by means of hot 
irons, a piece of wax being put on the bench and then ironed in. 
Instead of doing this a solution of wax in petrol (i part of parafiin 
wax to 5 of petrol) may be used. Another solution, which jis 
sometimes used, is made by dissolving loo grams of parafiin wax 
together with 30 grams of beeswax in 400 c.c. of petrol. For 
either solution benzene or xylol may be used instead of petrol. 

Either solution should be applied hot with a cloth or brush. 
The wax should be left undisturbed for a few hours so that some 
of it can soak into the wood. Some of the wax forms a thin 
film on the surface which may be polished. 

The chief'advantage of using parafl^ wax is that it is impervious 
to water, weak acids and alkalies. It is not, however, impervious 
to concentrated acids or alkalies, and must be renewed periodic- 
ally. Moreover, in time the surface presents a dirty and often 
imddy appearance, for, owing to the heat reflected from the 
bottoms of vessels, sand trays, etc., the wax “ sweats,” that is, 
it melts in the neighbourhood of the heat supply. This results 
in an unequal distribution of the wax ; and if any substances are 
spilt while the w^x is still molten, they are retained and create 
a ditty appearance on solidification of the wax. 

Modern bench tops are made of teak, a wood of great density 
and small porosity and one which contains much natural oil. 
It IS therefore a lm ost impervious to water without any treatment, 
but its “ life ” can be lengthened and its appearance enhanced 
by a periodic treatment with a mixture of linseed oil and turpen- 
tipe, in equal proportions by volume. The mixture must be 
well tubbed ki; otherwise it leaves a sticky surface for some 
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time. Some people prefer ap ordinary floor polish, and *this 
seeftis to answer satisfactorily. 

Pine or deal tops can be treated in a similar manne^r and if 
the w 3 bd appears too light in colour, it cm be darkened by the 
use of a dark water stain, applied before the linseed oil mixture. 
Better still,. Vandyke brown with a trace of dragon’s blood 
powder, dissolved in turpentine, or in the linseed oil and turpen- 
tine mixture, may be used. A suitable black stain may be got 
by using two solutions. The first is made of 40 grams of aniline 
hydrochmride and 300 c.c. of water. To it are added i gram 
of copper chloride and 1 5 c.c. of concentrated hydrochloric acid. 
This is put on, hot, with a brush and left to dry. It is then 
“ painted ” with a solution made up of 20 grams of potassium 
bichromate, 400 c.c. of water and 1 5 c.c. of concentrated hydro- 
chloric acid. Afterwards the top may be treated with a thick 
solution of vaseline dissolved in benzene, or, as before, with the 
linseed oil. In each case the covering mixture must be rubbed 
in : in this thorough rubbing lies the secret of a good hard surface. 

The Bottles 

The number of bottles used even in a small laboratory is 
considerable. For example, on each working bench there are 
at least a dozen reagent bottles, and if the numbers on the side 
shelves and in the store-room are added to the former, the total 
soon reaches the hundreds.* These may be of all shapes and 
sizes, and usually there is little attempt made to secure any 
uniformity. 

Bench reagent bottles should be round, narrow-mouthed and 
have a flat stopper ; the stopper can then be laid upside-down 
on the bench without fear of introducing | foreign substance 
into the bottle. These bottles should hold approximately 250 c.r., 
except those for the rarely used substances, e,g, silver nitrate, 
cobalt nitrate, ferric chloride, when a bottle of 75 c.c. capacity 
is large enough. For the side-shelf reagents a larger botue of 
joo c.c. capacity may be used. AU these bottles, large or small, 
should be of the same t3rpe. The store bottles which are supplied 
by the vendors are of various sizes, depending somewhat on the 
substance they contain. When a new laboratory is being fitted 
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complete. TJhe latter is the hottest portion and is the oxidizing 
flame, since there is ^o unbumt carbon left. The middle part 
contaiiis unburnt gases, which require 'oxygen for their complete 
combustion and is therefore a reducing flame. Acccfrdingly, 
when the borax bead tests have* to be performed, in the oxidizing 
flame, the platinum wire should be put in the oute|: cone of the 
flame, and when in the reducing flame, in the middle cone. 

Both reducing and oxidizing flames are required in blowpipe 
analysis. If the blowpipe is put near, but not in the, flame, the 
latter is diverted horizontally. The region of partial o^mbustion 
is then half-way between the non-combusted part and the outer 
tip, and the substance to be reduced should be placed there. 
>J^en an oxidizing flame is required, the blowpipe is put into 
the flame and air is then blown into it, thus promoting more 
complete combustion. The substance to be heated is placed at 
the tip of the outer flame. 

The air and gas supplies should be regulated so that the bunsen 
bums quietly ; a bunsen does not give out more heat because 
it roars. A study of the structure of the flame also shows that 
it is useless holding a bunsen flame near the vessel to be heated, 
for this brings the cold region of the flame (i.e, the portion of 
unburnt gases) into contact with the bottom of the vessel. 

As soon as possible after commencing to take science, all pupils 
should, on a summer’s day, in bright sunlight, have their attention 
drawn to the bunsen flame. Thefflame is then almost invisible 
and since the burner makes little noise when alight many people 
have burnt themselves or their clothes before realizing that a 
flame was present. 

'the Cleaning of Apparatus (General Remarks) 

Part of (|be student’s training is one in cleanliness, and dirty, 
untidy work should not be permitted. The bench tops must be 
kept as free from apparatus, etc., as possible. Thus bottles 
should be replaced immediately after use, apparatus finished with 
removed, and so forth. When there is a laboratory assistant his 
duty is not, primarily, to clean apparatus for lazy students, 
although often he has to give some assistance, owing to lack of 
time and othtr considerations. Usually it is a very simple task 
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to clean a vessel immediately ^ter use ; water an^ a brush are 
all that are required (test-tube brushes and burette brushes should 
be placed in convenient ^ces). But when the chemical or dirt 
has be^ allowed to dry and set hard, its rei^oval is often a matter 
of considerable difficulty. 

The simplest, yet very efficacious, method when washing a 
large quantity of bottles, flasks,’etc., is to place them in a bucket 
of cold water in which washing soda or one of the detergents, 
such as Octim or Teepol, has been dissolved. The water is then 
heated vfoty gradually until the assistant is just able to place his 
hand in the hot water. (This heating is best done over a ring 
burner such as is employed for domestic use ; but when such 
is not available, a simple stand may be made by using a few 
bricks and resting the bucket on this. Most tripod stands are 
too flimsy to stand the weight of a bucket of water.) Each 
article is removed separately, rinsed out with cold water and then 
dipped in a weak hydrochloric acid solution, to remove the alkali, 
and washed with water again. It is finally placed upside-down 
in the draining rack. 

For very dirty vessels one of the following methods may be 
employed. The outside may be cleaned by scrubbing it with a 
brush dipped in caustic soda, or more simply by rubbing 
powdered flint over the vess''i with the hand, all the time allowing 
a stream of water, preferably warm water from the geyser, to 
run over it. Sand cuts glass a little ; wood ashes or charcoal 
do not and may be substituted for the flint. 

The inside of the vessel may be cleaned by the use of some 
particular liquid, e.g. nitric acid, hydrochloric acid, caustic soda, 
chromic acid or aqua regia. Which liquid is used depends upon 
what the vessel originally contained. Along, with this solvent, 
sand, or wood ashes, is introduced into the vessel, vjhich is dien 
shaken. (Glass beads or lead shot make a useful alternative, 
though when lead is used it is necessary to follow it with a 
thorough washing with nitric acid.) Finally, the vessel is ridsed 
out with water and left upside-down to dry. 

If the dirt cannot be removed by one of the above methods, 
** ballooning,” as it has become termed, may be tried. About 
20 C.C. of concentrated nitric acid are introduced^to the vessel 
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and afterwards 5 c.c. of alcohol, are added. These two react 
violendy, with the evf)lution of much heat, and the hot liquid 
removelb most substances. But certain precautions are very 
necessary. The action pf nitric acid on alcohol is a delayed one, 
but when it starts it does so very suddenly and with violence, 
so much so that the fumes of nitrogen peroxide produced are 
shot out of the top of the vessel with great force. Hence the 
operator must stand away from the vessel. Moreover, since the 
nitrous fumes produced are poisonous and have a delayed action 
on man (see p. 145), the operation must be perforrwd in the 
fume cupboard. After such a treatment the vessel needs rinsing 
out with water as above. Obviously the simplest method should 
be tried first and “ ballooning ** should be resorted to only on 
rare occasions. 

The foregoing applies to vessels in general, but often it is 
necessary to have a vessel chemically clean before proceeding to 
an experiment of a delicate nature. For this purpose a chromic 
acid solution is invariably used. This is prepared by dissolving 
10 grams of chromic acid in 100 c.c. of water, or 10 grams of 
potassium bichromate in 100 c.c. of water to which 10 c.c. of 
concentrated sulphuric acid have been added. The vessel is 
washed out with this solution, or better still, the solution is 
allowed to remain for some time in the vessel, which is finally 
rinsed out with distilled water. A pull-through, such as is used 
for cleaning rifles, may be improvised and used for such long 
pieces of apparatus as the condenser. The chromic acid solution 
can be used several times and should therefore be preserved for 
future use. Chromic acid must not be allowed to come in contact 
with the skin as it may cause dermatitis. 

After the final i;{nsing with water, the vessel should be left to 
dry either i/i the draining rack or in a special drying cupboard. 
The surface is left in a better condition if the vessel is dried in 
a current of cold dry air, for warm air cooling leaves a stain. If 
thc^ vessel is to be dried for immediate use, it should be rinsed 
out with alcohol (or ether) and a current of hot air forced into 
it. To do the latter the vessel may be warmed and a current 
of cold air forced in by the bellows. It is more usual to use 
for this purp^;se a piece of resistance glass tubing, connected 
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with the Bellows and heated in one part (iron or copper tubes 
have also been recomm^ded for use), ^he tube leads into the 
vessel to be dried and the^varm air forces out the alcoho?vapour. 

OtHfer remarks on the cleaning of apparatus appear under the 
headings of the articles concerr^d. 

Cleaning tlie Hands, etc. 

The chemistry master usually carries the sign of hi^ profession 
about with him in the form of stained fingers and acid-pitted 
clothesr^^ome of the stains are, however, removable if attended 
to at once. The most common ones are those produced by 
nitric acid and silver nitrate. 

The former are removed to some extent by the immediate 
application of a solution of potassium permanganate, which is 
allowed to remain on the stain for a few minutes. It is then 
washed off with a weak solution of hydrochloric acid, after which 
the hands should be washed with soap. 

Silver nitrate stains can be removed by the application of a 
solution of potassium cyanide or potassium iodide, followed by 
water. But potassium cyanide must not be used if there are any 
cuts or if the skin is broken. Old stains should be treated with 
concentrated acetic acid before the above process is* carried out. 

Acid on the clothes shoi .d be neutralized immediately with 
ammonium hydroxide and strong alkalies by acetic acid, followed 
in both cases with water. 

Any concentrated sulphuric acid spilt on the bench or floor 
should be washed away with copious streams of water, or if 
this is impossible, chalk or some similar subst&ce should be 
added at once ; otherwise the acid will eat away the wood. 

Corks 

Two varieties should be purchased — a very good grade of 
natural cork and a cheap variety. The latter is a “ composition 
and is made of small pieces of cork cemented together Ind 
moulded into shape. Such corks are serviceable as simple 
stoppers, but cannot be bored. Bark corks are porous and hence 
should not be used in vessels containing volatile substances. 
They may, however, be rendered ^-tight by infmersing them 



36 ’ LABORATORY ORGANIZATION AND MANAGEMENT 

in molten wax for five minutes, or by soaking them in a solution 
of vaseline in benzene. 

When' boring a cork great force mast not be used, but the 
borer pressed lightly as it turns on its own axis. A cork ia bored 
half-way in each (Section and care exercised that the borings 
meet. The hole can be smoothed by the use of a CRt-tailed file, 
and, if not large Enough, may be made bigger by a rat-tailed 
rasp, followed by a suitable file. The borer should be of such a 
size that it will just not fit over the tube. The cork bor^ts require 
sharpening at times, either by a special cork-borer^^arpener 
(which can be purchased from any laboratory furnisher), or by 
means of a file or hone. When the file or hone is used, the 
borer should be rotated gently and care exercised 'that the hole 
is not forced out of shape (see also Rubber Stoppers, p. 4z). 

Crucibles 

Crucibles are made of three kinds of material — ^porcelain, metal 
or silica. Porcelain crucibles are dealt with on p. 128. Metallic 
crucibles are made of either platinum or nickel ; usually plati- 
num crucibles are too expensive for school laboratories. Metallic 
crucibles are not liable to fracture by heating and are not fragile. 
But they must not be tised with fusible metals or compounds of 
metals likely to be reduced at a great heat. Thus substances 
containing the following should not be heated in metallic 
crucibles — antimony, arsenic, bismuth, lead, silver, tin or zinc, 
as well as sulphur, silicon and phosphorus. Neither should 
certain chlorides (especially lead chloride), caustic alkalies or 
their sulphides, nitrates, nitrites and cyanides be heated in these 
crucibles. Since the metals readily form alloys, the crucibles 
must never be touched with the tongs when red hot. 

Silica crudibles are attacked by the alkalies as well as salts of 
lead and other metals (see p. 124). They may be used for 
heating calcium and magnesium compounds and are far superior 
to ^metallic ones. The contents of such vessels must be kept 
continuously neutral. 

Dirty crucibles may be cleaned by nitric acid, hydrochloric 
acid or sulphuric acid. A little of the acid is added, the vessel 
heated, then ? 41 owed to cool and finally rinsed out with water. 
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Crucible' tongs should be preferably of nickel, since this mfetal 
is more resistant to acid attack than bronze or brass. Iron tongs 
are, however, fairly servfceable, but rust readily. 

Cupboards and Drawers 

Constant ^re is necessary if these are to be kept clean and 
tidy. As far as possible each fupboard and ‘drawer should be 
allotted to one individual who is responsible for the contents and 
cleanliness of the cupboard or drawer. A list of what should 
be contained therein may be posted inside the cupboard, and an 
inspection made by the master at any spare moment. It is well 
to avoid holding regular inspections, or the boys will have a 
“ spring cleaning ” just before the inspection. 

Evaporating Basins 

Much of what has been written about crucibles applies also to 
evaporating basins. Such vessels are usually glazed and, when 
this is so, a good specimen should stand the following test. 
Into the basin place a concentrated solution of ferric chloride 
or copper sulphate and boil for a considerable time. Pour out 
the solution and rinse with water ; no stain should appear on 
the sides of the basin. 

The safest method to ^ iploy when heating an. evaporating 
vessel is to place it on a sand tray. At other times the flame 
should not be allowed to pla]^ on the porcelain at a height above 
that of the level of the liquid inside. If it does, there is a 
considerable risk of fracture. 

Dirty vessels can be cleaned by means of watei*and ashes, or 
by an acid or caustic soda with ashes or powdered flint. It is 
sometimes necessary to boil the basins in a solution of caustic 
soda, especially if the outside has become sailed. * 

Ironwork 

Owing to the action of chemical fumes and water, the iron- 
work, especially in the chemical laboratory, soon becomes cor- 
roded and rusty unless precautions are taken. When choice in 
the metal can be exercised, gun metal or phosphor bronze is to 
be preferred for gas and water taps and other pem^gnent fixtures. 

S.L.M. D 



58 LABORATORY ORGANIZATION AnD MANAGEMENT 

t^ieces of apparatus such as retort stands, tripods, etc., rust 
readily, especially wh<“n kept in damp places (and many of the 
bench Cupboards -are damp). These '"stands should be painted 
periodically, but it is quite useless to paint over rust. Vaint is 
used not to cover the rust but-^o prevent its formation. There- 
fore the rust must first be removed by Some suitable scraper and 
emery cloth. Sometimes it may also be removed by rubbing 
it with a cloth soaked in paraffin and then with a clean cloth. 
The article, if small enough, may be dipped in dilute jciitric acid 
or, if this does not remove the rust, in the following l^uids. A 
solution is prepared containing 6 parts by volume of concentrated 
sulphuric acid, i part of hydrochloric acid and 1 50 parts of water, 
and the iron immersed and left in it for a day at the least. On 
its removal the iron is dipped for a minute in a bath containing 
I part of sulphuric acid to 8 of a weak solution of zinc sulphate 
(25 grams per litre). The iron is then warmed, dried and painted. 

Mortars and Pestles 

The science master may choose between porcelain mortars — 
glazed or unglazed on the inside — iron or steel mortars, or agate 
mortars. The glazed porcelain mortars have naturally a good 
appearance^ especially when new ; but unless the glaze is of good 
quality, it is soon worn off during the grinding process. The 
glaze also permits the substance to slide over it during the 
grinding, and hence this operation* is made more difficult. Un- 
glazed porcelain often retains the colour of many substances, thus 
giving the mortar a dirty appearance. Glazed mortars should 
not be poroug, and a simple test for this is to place some highly 
coloured solution in the mortar, e,g, a solution of chromic acid, 
and to leave it there for twenty-four hours. On rinsing the vessel 
out with water, none of the colouring matter should be retained. 

Porcelain mortars are readily cleaned by placing in them sand 
and nitric acid, sulphuric acid or caustic soda, and grinding the 
sahd round the sides. This is followed by a rinsing out with 
water. Since such vessels have very thick walls, they must not 
be subjected to sudden changes of temperature ; for example, 
water and sulphuric acid should not be mixed in such vessels. 

Porcelain pestles are usually supplied and used with porcelain 
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^ • 
mortars. Some of these are t^o-pieced, a piece o{ wood being 

cemented on to a piece of porcelain. Uiifortunately, owing to 
the violent shocks to whifli they are subjected*, the cemeflt often 
break^oose, or else, on becoming damp,^ the wooden handle 
shrinks and comes apart. Fqr Aese reasons one-piece pestles 
are to be preferred. 

A iron or steel mortar is of use when siic^ substances as 
marble or ammonium carbonate have to be broken jip, and at 
least one, ^a fairly large one, is required in every laboratory. 

Agate irortars are much more brittle than the other kinds, and 
will not withstand hard blows. During grinding the pestle 
should be rotated gently, with a slight downward pressures They 
have a smooth surface, are not porous and are readily cleaned. 
Usually they should be used in work of a delicate nature where 
small quantities of substances are employed. They have, how- 
ever, a high silica content, and therefore alkaline substances 
should not be ground in them. 

Ovens 

Many laboratories contain a water as well as a hot-air oven. 
The advantage of using the former type is that a constant tem- 
perature of about 100° C. can easily be maintained. (Although 
water boils at ioo° C., some iieat is lost, so that the temperature 
of the oven is usually a- few degrees below this. Hence the 
thermometer must always be placed inside the oven.) The chief 
precaution in using a water oven is to prevent it from boiling 
dry. A convement method of doing this is to place a piece of 
glass tubing in the hole by which the water is introduced. This 
tube serves as a gauge ; thus a sample of the water is extracted 
from time to time by placing a finger on the tqp of the tube and 
withdrawing the latter. The height of the water in jhe tube is, 
of course, the height of that in the oven. 

A combined oven and stilLis very economical in gas, since a 
supply of distilled water can be obtained at all times when ?lie 
oven is being heated. 

Where a temperature higher than that of boiling water is 
required, a liquid with a higher boiling-point may be used in 
place of water. But owing to the difficulty of cleaJling the oven. 
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many prefer ^o use the hot-air ov^n instead. It is an easy matter 
to regulate the temperature by adjusting the height of the flame ; 
but wttere it is necessary to maintain* a certain temperature for 
accurate work a thermostat should be used. ObviotTsly the 
bulb, or other sensitive part of* the thermostat, should be placed 
inside the oven. ' Most modern laborsitories, however, are now 
using electric ovens. They are^ much cleaner than other types 
and it is fasier to regulate their temperatures. 

Platinum Vessels and Foil 

Platinum vessels can be cleaned by boiling them in concentrated 
hydrochloric acid. If this has no effect, solid potassium bisul- 
phate is placed in the vessel, which is strongly heated. When 
the salt has melted, the vessel should be gently moved, so that 
all its surface comes in contact with the molten bisulphate. 
Water should then be boiled in the vessel until all traces of the 
salt have been removed (test the washings with barium chloride). 

Platinum foil can be cleaned in a similar manner. If the foil 
has become creased, it may be smoothed out by placing it on a 
hard surface, e,g, a piece of glass, and passing some hard smooth 
object, e,g, the thumb-nail, over it in a manner similar to that 
used by boys in smoothing silver paper. 

Shelves 

The shelves and their contents (require little attention if some 
such system as the following is adopted. Each shelf and every 
bottle is labelled with a distinctive number and letter. Thus 
the reagent shelf on the first working bench is labelled with the 
letter A, the second with B, and so on. Every bottle on the 
first shelf is also Jabelled A and each bottle given a characteristic 
number, jvhich is retained throughout the laboratory. For 
example, the sulphuric acid bottles will be labelled Ai, Bi, Ci, 
the hydrochloric acid bottles Az, Bz, Cz, the nitric acid bottles 
A*3, B3, C3, and §0 on. It is then possible to check at a glance- 
which bottle is out of place and to know where it should be. 
It is also possible to make some boy responsible for each bottle, 
and possibly he may also be allotted the task of keeping the 
bottle full, though unless the boys are very reliable, this duty is 
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best performed by the laboratory assistant. It is he who sholild 
fill the bottles containing concentrated ^ds (see*p. 138). 

A similar plan can be adopted for the sidp shelves. # In this 
case it^is useful to label the front of the shelf, showing what 
bottle should be kept above the JabeL In^ short, the ideal is to 
have a placq for everything and everything in its place. 

Sinks 

Unless careful laboratory habits have been form^, the sinks 
soon become full of aU kinds of rubbish. They should, of 
course, be kept clean, and the only way of securing this is by a 
rigid laboratory routine. That is, after each lesson tj;ie sinks 
should be inspected and any offenders dealt with. The cause 
of most of the trouble is lack of sufficient waste boxes, for then 
the sinks are used. 

Concentrated acids, especially hot sulphuric acid, must never 
be poured into an empty porcelain sink. For the sink is always 
a little wet, and the heat of solution of the acid in water is 
sufficient to do damage. Therefore water must always be added 
to the sink first and the acid poured into this a little at a 
time. 

Notwithstanding all the care taken, the sides of <he sinks get 
dirty owing to the nature ot :he precipitates and solutions poured 
into them, and it will be necessary to clean them at times. This 
can be done by rubbing the^ides with a paste of sodium bisul- 
phate and water, or of washing soda, or soap, or simply by using 
fine sand and water. If desired, the sinks may be freshened by 
an occasioral sprinkling of bleaching powder. It fe not necessary 
to add water ; merely scatter the powder over the sides of the 
sink and leave overnight. Incidentally, this also disinfects the 
drains, which is at times desirable. 

The traps and the drains should be cleaned out*periodically 
to prevent local flooding, for it is surprising what substance^ 
find their way into these places. 

Stoppers 

Methods of Loosening Fixed Ones . — ^When a glass stopper 
becomes fixed it must not be forced free, but one the following 



4X LAioRATORT ORGANIZATION liND MANAGEMENT 

I 

methods employed. The stopper should be tapped obliquely 
with a piece of woo^ this in itself is often sufficient. If this 
is not luccessful, jhe outer neck of the bottle should be heated 
over a small luminous flame, all the time rotating the^ bottle. 
This causes the glass of the qeck to expand a little, while the 
stopper itself, not being heated, does not expand and so can be 
withdrawn. Obviously, since . the success of this method 
depends on the fact that the outer glass alone is heated, the 
heating should be done quickly. This method, however, is not 
advisable when the vessel is valuable, or if the glass is very thick, 
since there is considerable risk. 

A sai^^ method is to add a drop of oil or glycerine round the 
stopper and allow it to remain there for many hours until it has 
percolated through. The oil can be made less viscous by heating 
it gently. Other liquids may be used in place of oil and should 
be used when the nature of the cementing substance is known. 
For example, if the stopper is known to be cemented fast by 
sodium carbonate, hydrochloric acid will be used. 

Gire beforehand will often prevent the nuisance of a fixed 
stopper arising, e.g. rubber stoppers should be used where there 
is a possibility of a cementing substance being formed (e,g, in 
bottles containing sodium hydroxide). Before any apparatus is 
put away, the stopper should be washed and regreased if neces- 
sary. This applies especially to the taps of the burettes which 
have contained alkaline solutions^ 

Stoppers, Rubber 

Rubber stoppers are sold bored or imbored, but for most 
purposes it will be found that stoppers purchased ready bored 
are unsuitable, for the holes are usually much too small and are 
bored in the centre of the stopper ; hence it is a difficult matter 
to bore another hole in such a stopper as is often required. It 
is therefore better to purchase the unbored variety. 

More care must be exercised when boring a hole through a . 
rubber stopper than when boring through cork. Rubber grips 
the borer and great force has to be used unless the friction 
between the borer and rubber is diminished. This can be done 
by dippj;Qg tjie borer in water repeatedly during the boring 
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operation. ' Vaseline or glycerine may be used instead of water 
for this purpose. 

It is advisable to use a borer which is tHe next size latger than 
the ttfbe which is to be put through the hole. 

Glass tubes, thermometers, etc., which^ have stuck fast in 
the hole can be loosened without applyin^^great force. The 
rubber should be pressed away from the glass with the finger, 
little by little, and water added in the opening so formed. This 
is repeated until the tube slips through easily. WfiSh the glass 
is kno'^n to be cemented fast by a certain substance, an appropriate 
solvent will be used in place of the water. 

Rubber is readily moulded, especially when hot, so that a 
rubber stopper should not be left in the neck of a hot vessel, 
since the glass, on contraction, will mould the rubber into the 
shape of the opening, and the stopper will be spoilt for many 
purposes. 

The Storage of Apparatus 

A well-planned system of storage, especially when the labora- 
tory accommodation is limited, is a most valuable factor in 
promoting the efficiency of the laboratory, and again the ideal 
is to have a place for everything and everything •in its place. 

Every similar piece of ap.>aratus should be stored in the same 
place, i,e. all the beakers together and so on. A list of all the 
apparatus and the place of storage should be posted in a con- 
venient place, and for this*reason every cupboard should be 
labelled with a distinctive number or letter. 

In the physical laboratory many pieces of appat^itus can be left 
fitted up on the bench where they will be used, but, where the 
laboratory is used for chemistry as well, this plan cannot be 
adopted, since the fumes produced would probably ruin the 
apparatus. Hence it is necessary to make the cupbcftrds in such 
laboratories as air-tight as possible. 

In a similar way, many pieces of apparatus may be left fitted 
up in the chemical laboratory, e.g. the hydrogen bottles with 
their thistle funnels and delivery tubes (similar bottles serve for 
the preparation of carbon dioxide), drying bottles full of con- 
centrated sulphuric acid, and U-tubes containing c^cium chloride. 
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Fla&ks may be left fitted with rubber stoppers (but see p. 43), 
and siphon bottles be left ready for the determination of 
the hydrogen equivalent of a metal, c* 

Sets of different types of delivery tubes should be mack? ; the 

useful types are shoVn below,. 

/ < 






Combmed burette and pipette stands can be purchased from 
most of the dealers, or the old type can be converted by placing 
two cross-pieces on the stand and boring holes in them for the 
pipettes. 

For advanced work in chemistry, it is often convenient to 
provide the students with a set of apparatus, see Appendix II. 
Many schools cannot afford to supply every student of the 
elementary classes with a set of apparatus, and such a plan is 
not necessary. Beakers, flasks, and the like can be stored on 
separate trays and the assistant will bring out the full tray when 
required. An inspection of the tray at the end of the lesson will 
ensure that the vessels are put away clean and that none have 
been broken or cracked without the fact being reported. 

(For remarks on the storage of chemicals see Chapter III ; 
the storage of«physical apparatus and of biological apparatus is 
dealt with in Chapters IV and V respectively.) 

Thermometers 

The type'of thermometer in general use in school laboratories 
is that reading to 100® C. and 252° F, with a moderate degree of 
accuracy. In addition, at least one set of thermometers, of an 
accurate nature, reading in one-tenth of a degree Centigrade, as 
well as a few reading in degrees to about 400° C., are required. 
On some of the common thermometers the graduations are 
marked on ihp stem. Others consist of two parts, the ther- 
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mometer bulb and stem and a ^caie of paper, “ milk glass,” wood 
or ivory substitute. The scale in son^e types of the latter 
thermometers is attached to the stem by AYire or some such 
mannel, and often slips loose, thereby registering a wrong 
temperature. Occasionally the piaterial df which the scale is 
made shrink^, producing a similar result. 'Jliese thermometers 
are, moreover, very bulky and .oval in sectioh. Thus they are 
not suitable for many purposes, e.g. they cannot rea<^ be passed 
through a hole in a cork and are often too large to go through 
the neck of many vessels. The best type of thermometer is one 
with the graduations marked on a thin cylindrical stem and which 
possesses a long and narrow bulb at the bottom, with, a safety 
bulb at the top of the column. 

Thermometers must not, of course, be overheated, even when 
they have a safety bulb. Neither must they be subjected to 
sudden and extreme changes of temperature, or heated over a 
naked flame. Often it is found that it is very difficult to see the 
graduation marks, especially when the thermometer is in some 
vessel. In such a case a good plan is to place a rubber band, 
or tie a piece of thread around the stem at the place indicating 
the temperature which is required. 

It frequently happens that the mercury threW becomes 
detached and, as a rule, a s^-^art swing or jerl: is sufficient to re- 
unite the column. If this does not succeed, the thermometer 
should be heated in a watej-bath, or placed inside a test-tube 
and the latter heated. This heating is continued until the safety 
bulb at the top is about half filled with mercury, when the liquid, 
or air, is allowed to cool gradually with the thermometer still 
in it. Usually the mercury is reunited on its return to the stem ; 
if it is not, any mercury in the safety bulb should be coaxed to 
the top of the column by a gentle tap or a shake, and the operation 
repeated until successful. 

If desired, the thermometer may be calibrated from time to 
time. Most text-books on physics give instructions on this 
point. 



CHAPTER III 


THE PREPARATION AND STORAGE OF REAGENTS 

I N the list which follows, the names of the substances are 
arranged in alphabetical order. Mention of many common 
substances has been omitted, chiefly because their use and'stctage 
present no special difficulty. When the substance is used in 
solution, the method of preparing the solution has been given 
except in such cases where a solution can be made by dissolving 
the appropriate amount of the solid in water, and no special 
instructions are necessary. 

The strength of each particular solution used in qualitative 
analysis is largely a matter for the master in charge of the labora- 
tory to decide. There appear to be at least three systems in 
common use : 

The Arbitrary system. 

The Twice Normal system. 

The Three Times Normal system. 

In the first of these the concentration of each solution is quite 
arbitrar)^ following no particular rule or plan, provided only 
that the solutions are strong enough, or weak enough, for the 
purpose for which they are intended. The other two systems, 
which seem more rational and convenient, are based on stiochio- 
metrical relations. Thus, the common acidic and alkaline 
solutions, solutions of sodium and ammonium salts are, with 
few exceptions, made two or three times normal strength. All 
other solutions afe approximately normal excepting solutions of 
expensive Substances, concentrated acids and slightly soluble 
substances. 

Under these systems equal volumes of different solutions 
contain the equivalent weight of the solid, or else some weight 
in some simple ratio to the equivalent. It is thus easy to calculate 
the approximate volume of solution to use in certain reactions 
and so avoid yraste. Moreover, the master can readily recall the 

46 
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Strength oF any solution in Jus laboratory. Generally speaking, 
twice normal solutions are strong enough for school laboratory 
purposes, and this is commonly adopted. 

ThV quantity of solution required varies witti each particular 
teacher and laboratory ; previous experienc^e must be the guiding 
factor. For most laboratoriSs it is convenient to make some 
lo litres of the following at a dme — all dilute acids, ammonium 
hydroxide, chloride, and carbonate,, and sodium hydroxide. This 
large quantity may be stored in large aspirators furnished with 
a stopcock at the bottom. In the case of sodium and ammonium 
hydroxides, a clip and rubber tube should be used instead of 
the glass tap, since the carbonate will form around the^lass tap 
and cement it fast. Earthenware aspirators are considerably 
cheaper and quite as suitable as glass, the only difficulty being 
ih seeing what quantity remains in the bottle. This can be 
easily overcome by inserting a glass tube, bent at right angles, 
through the bottom stopper to serve as a gauge. It is also 
necessary to cut a groove in the cork at the top of the aspirator, 
or employ some similar device to admit a little air, e,g. a tube 
of soda lime ; if this is not done, the solution will not flow out 
of the tap. For most of the other reagents a Winchester quart 
bottle holds sufficient, and, in some cases, suffici^t to fill the 
bench bottle only should ^e made. 

On the containing vessel, no matter of what kind, should be 
marked the volume it holdj and the weight of the solid to be 
dissolved in that volume, or else the volume of concentrated 
solution necessary. This is for future use, when much time and 
work is thus avoided. Duro ink, a special marking pencil, or 
more simply a label, may be empjioyed for this purpose. It is 
not necessary to weigh out the substances very accurately, and 
rough scales weighing up to 2 kilograms a?c useful. 

In the account which follows, the equivalent weight has been 
given in most cases. This is the weight to be dissolved in .a 
litre of distilled water to yield a normal solution. Distilled water 
should always be used in preparing these solutions. The 
quantity required to make i litre of normal solution has been 
given throughout, so as to make these notes convenient, no 
matter which system is employed in any partiq^ar laboratory. 
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When the substance is not sufficiently soluble to make a normal 
solution this fact has-been mentioned. 

Attention is drawn to Appendix I, where the quantities required 
in all three systems have been summarized for the convenience 
of the laboratory assistant. 

Acetic Acid.-^H3COOH. M. Wt. 6o. Eq. Wt. 6o. Gla- 
cial acetic acid is the variety usually purchased and contains 
98-9 per cprt. by weight of CH3COOH. One litre contains 
1,045 grams of acetic acid. It is therefore 1045/60 == 17-4 
normal. 

Concentrated acetic acid is made by diluting the glacial acid 
three times its volume with water. 

To prepare a litre of approximately normal acid, 1000/17-4 
= 58 c.c. of- glacial acid are required. 

Care is necessary in thawing the acid, which solidifies in cold 
weather. It must be done gradually, a good method being to 
place the bottle, with its stopper removed, near the radiator. 

Acetone (Acetic Ketone, Dimethyl Ketone). — CH3COCH3. 
M. Wt. 58. Acetone is very volatile and inflammable and should 
be stored in well-stoppered bottles in a cool place. See also 
p. 143. 

Alcohol : Absolute. — CgHgOH. M. Wt. 46. This is used 
as purchased. It should then contain not more than i per cent, 
of water. It is very hygroscopic and must be kept in a well- 
stoppered bottle (see p. 88). 

Alcohol : Rectified Spirit. — Rectified spirit contains 90 
per cent, by volume or 8 5 -68 per cent, by weight of ethyl alcohol, 
the remainder being water. It should be stored like absolute 
alcohol (see p. 88). It should not be heated over a naked flame 
(see p. 143). 

Alcohor: Industrial Methylated Spirit. — See p. 89. 

Aluminium* — The most convenient form to purchase is 
tuiViings or chips. Aluminium wire is useful for making riders 
for balances, etc. 

Ammoniacal Cuprous Chloride. — Dissolve 250 grams of 
ammonium chloride in 750 c.c. of water and to it add 200 grams 
of cuprous chloride. Shake the vessel until the cuprous chloride 
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has dissolved and then add 250 c.c. of ammonium hydroxide, 
prepared by adding 60 c.c. of uquor ammoniae foftis to 190 c.c. 
of water. A long spiral* of copper wire placed in the^olution 
preveifts oxidation. 

Ammonium Acetate. — CHgC(X)NH4 M. Wt. 77. Eq. 
Wt. 77. This is a very deliquescent subsWnce ; the crystals 
contain no water of crystalliz^on and are ^ery soluble. The 
substance becomes acidic on standing in air and^ammonia is 
givei^ oflF^ 

Ammonium Carbonate. — The substance sold under this 
name is a mixture of ammonium bicarbonate (NH4HCO3) and 
ammonium carbamate (NH2NH4CO2), and contains ^approxi- 
mately 31 per cent. NH3 and 5 6 per cent, of COj. The “ mole- 
cular"* weight can be taken as approximately 79. 

Dissolve 80 grams in a solution of ammonium hydroxide, 
prepared by adding 60 c.c. of liquor ammoniae fortis to 500 c.c. 
of water, and make up to a litre with water. Filter it if necessary. 

The solid effloresces when exposed to air and loses ammonia 
and carbon dioxide. It should be kept in a well-stoppered bottle 
in a cool place. 

Ammonium Chloride. Sal ammoniac. — NH4CI. M. Wt. 
5*3 -5. Eq. Wt. 53-5. the pure variety should be used, 

since commercial ammonium chloride contains numerous 
impurities. 

Ammonium Hydroxide. — NH4OH. M. Wt. of NH3 17. 
Eq. Wt. 17. Liquor ammoniae fortis, of specific gravity o-88, 
is the kind purchased. One litre of it contains 315 grams of 
NH3 and is therefore 313/17 = 18-5 normal, and a litre of the 
normal solution requires 1000/18-5 =54 c.c. of the strong 
solution. 

The liquor fortis loses ammonia very readily and Jfias an over- 
powering pungent smell. It should be stored in a well-stoppered 
glass bottle in a cool place. Great care must be exercised 'vghen 
handling the solution and especially when opening the bottle, 
owing to the nature of the fiimes evolved. 

Ammonium Molybdate. — ^This is a complex substance with 
a probable formula (NH4)3Mo7024.4H20. A solution of it is 
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prepared by dissolving 75 grams of ammonium molybdate in 
75 c.c. of strong ammonium hydroxide (50 c.c. of liquor fortis 
to 25 c.‘E. of water). The solution is then made up to 500 c.c. 
with distilled water and poured into 500 c.c. of nitric ^^cid of 
approximately five-normal st^en^th. After heating for ten 
minutes the solution is decanted off and, if necessary, filtered. 

A solution of ammonium mplybdate does not keep a long 
time, and hepce it is not advisable to prepare more than a litre 
at a time. It should be placed in a dark bottle and inspected 
occasionally, and if any precipitate has separated out the clear 
solution should be decanted ready for future use. 

Ammonium Nitrate. — NH4NO3. M. Wt. 80. Eq. Wt. 80. 
A stock of the commercial variety is useful for the preparation 
of freezing mixtures. 

Ammonium Oxalate.— (NH4)2C204.H20. M. Wt. 142. 
Eq. Wt. 71. The crystals are not very soluble, hence the bench 
solution is prepared by dissolving 35*5 grams in i litre of water. 

Ammonium Sulphate.— (NH4)2S04. M. Wt. 132. Eq. 
Wt. 66. This substance is not used frequently in an ordinary 
laboratory except in the preparation of alums and ferrous 
ammonium , sulphate. It contains no water of crystallization. 

Ammonium Sulphocyanide. — NH4CNS. M. Wt. 76. 
Eq. Wt. 76. See Potassium Sulphocyanide. 

Ammonium Sulphide. Yellow ammonium sulphide. — 
When purchased the solution should be only slightly yellow. 

It may be prepared by saturating an approximately five-normal 
solution of ammonium hydroxide with hydrogen sulphide gas, 
when ammonium hydrosulphide is formed. 

NH^OH + H2S = NH4HS + H2O. 

Then an equal volume of ammonium hydroxide of the same 
strength is added, forming ammonium sulphide. 

NH4HS + NH4OH = (NH4)2S + H2O. 

The solution oxidizes on exposure to air and free sulphur is 
formed. This dissolves, forming a polysulphide (NH4)2Sx, 
where x is any number from one to nine. After a time some 
ammonium thiosulphate, (NH4)2S203, is formed and finally 



THE PREPARATION AND STORAGE OF REAGENTS 5.I 

sulphur is *dfeposited. When l^s occurs, the solution is of little 
use for analytical work and should be tj;irown away. 

Anjfnonium sulphide can be used as purchased or pre^red, or 
alternatively, diluted three times. It should be kept in small well- 
stoppered ^nch bottles cont^nii»g only a of the solution. 

Aniline.-^CgHgNHa. M. Wt. 93. Aniline is a colourless 
liquid which readily turns yellow to brown on exposure to light. 
It should be kept in a dark bottle and its fumes loiust not be 
breathed ^ee nitrobenzene, p. 144). 

Antimony. — Antimony metal can be easily powdered in the 
mortar when necessary, e.g. to illustrate the properties of chlorine. 

It is useful to have its soluble salts, potassium antimoniate 
and antimonite, as well as tartar emetic (potassium antimonyl 
tartrate), its oxides and sulphides (both polymorphic varieties). 

Aqua Regia. — This should be prepared as required by adding 
3 parts by volume of concentrated hydrochloric acid to i of 
nitric acid. 

Arsenious Oxide.— AsgOg. M. Wt. 197 9. Eq. Wt. 49*48. 
Arsenious oxide should be bought pure for volumetric work 
(see p. 65). 

Potassium arsenite and arsenate are soluble in v%ter and are 
useful for practice in anal; Is. 

Care is necessary in storing all arsenic as well as antimony 
salts owing to their poisonous nature. The fumes given off in 
many of the tests for arsenic, e.g. the cacodyl test, are also very 
poisonous. 

Asbestos Filters (for use with Gooch crucibles, etc.). — 
Pure white asbestos, long fibred and soft, is the best kind for 
this purpose. Cut the fibres into small pieces about J in. in 
length, add to them concentrated hydrochloric acid and digest 
on the water-bath for an hour. Filter and wash the asbestos at 
the pump. If preferred, it may now be stored dry until required 
for use ; otherwise, it is placed in the storage bottle, cov< 5 red 
with water and well shaken until it forms a sludge. Most 
dealers sell asbestos ready-prepared for use in Gooch crucibles. 

Barium Chloride. — BaClgzH^O. M. Wt. 244-3. Eq. Wt. 
122-15. 
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Barium Hydroxide.— See p. 66. 

Barium Nitrate.— Ba(N03)2. M. Wt. 261-4. Eq. Wt. 
130-7. :This substance is not very soluble (about i in 14), and 
therefore a semi-normal solution is employed, i.e. dissolve 
65 grams in a litre of water. , 

Benzoic Acid. — C^HgCOOH. M. Wt. 122. Eq. Wt. 122. 
Benzoic acid is affected by the light and air and should therefore 
be stored in a dark bottle which is well stoppered. 

Bleaching Powder. Chloride of Lime. — On exposure to 
air, bleaching powder becomes moist and loses chlorine. The 
latter also takes place after a time, no matter how the powder 
is stored. It should be kept in well-stoppered bottles. Bleach- 
ing powder contains at least 30 per cent, of available chlorine, 
but a freshly prepared sample should contain a greater percentage 
than this. 

Bleaching powder is sold in tins. Great care should be taken 
in opening the tin as it contains free chlorine which is often 
under great pressure. 

It is a useful substance from which a solution of calcium hypo- 
chlorite can readily be obtained. One part by weight of the 
powder is mixed with a little water and ground in the mortar 
to a cream. Sufficient water to make 10 parts is added and the 
solution filtered free from the lime. 

Borax. Biborate of Sodium. — ^Na2B407. loHjO. 

Refined borax is used in analysis. It is somewhat efflorescent. 

Bromine. — Bromine gives off red fumes when exposed to the 
air. It must be kept in a well-stoppered bottle and care exercised 
when opening it, since it may cause very dangerous bums and 
is very volatile. The substance should always be weighed in a 
stoppered vessel, f 

Bromine Water. — Only a little of this is required in a school 
laboratory. It is best made when required by adding bromine 
drpp by drop to distilled water, and shaking it vigorously after 
each addition, until a saturated solution is obtained. 

Calcium Carbonate —CaCOa. M. Wt. 100. Eq. Wt. 50. 
The purest form is that obtained from Iceland spar or marble. 

Calcium Chloride.— CaClj. M. Wt. iii. Eq. Wt. 55-5. 
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The crystallme variety contains fix molecules of water of crystil- 
lization. Calcium chloride, pure dry granulated, or pure i^sed, 
is usec^ for drying gases. • It is very deliquescent. 

Calcilim Hydroxide. Lime Water. — ^This is prepared by 
dissolving quick or slaked linjp water. >§lake 20 grams of 
calcium oxide, with water. Owing to the lar^ amount of heat 
evolved, this operation is best carried out on*a clean piece of 
wood. Place the lime in a Winchester bottle and ^add about 
2 litres, of distilled water and shake it. Allow the contents to 
remain in contact with the water and give tlj^ bottle occasional 
shakings. Decant or siphon off the supernatant liquid. It is 
very convenient to keep about 2 litres of water always^ in the 
stock bottle and the assistant should shake the bottle at various 
odd times. Lime is more soluble in cold than in hot water. 
Owing to its readiness to absorb carbon dioxide, lime water is 
kept in rubber-stoppered bottles. 

Calcium Sulphate. — CaS04.2H20. M. Wt. 172. Eq. Wt. 
86. This substance is only slightly soluble in water. A solution 
is prepared by adding a few grams of the solid to a Winchester 
bottle full of water and shaking the bottle vigorously. The 
solution is decanted off into the bench bottle, and more water 
added to the Winchester so t^at the solid remains in contact with 
the water for a considerable time. 

Carbon Bisulphide. — This liquid must be handled with 
care. It is very inflammable® and readily forms an explosive 
mixture with hot air ; it therefore should not be placed near a 
lighted gas burner (see also p. 140). 

Carbon Dioxide. — Carbon dioxide can be purchased, if 
desired, in steel cylinders, which must be kept in a very cool 
place. In most school laboratories a convenient supply can be 
obtained from Kipp’s Apparatus, using marble chips and hydro- 
chloric acid. 

Chlorine Water. — Chlorine is only slightly soluble in water, 
hence a saturated solution is prepared by bubbling chlorine 
through distilled water. The chlorine gas is readily prepared 
by dropping concentrated hydrochloric acid on crystals of 
potassium permanganate and bubbling the gas thrqugh water to 

S.L.M. 
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absorb any hydrogen chloride. ,A saturated solution contains 
about 0‘j per cent, chlorine when freshly prepared, but it is 
unstable and is b^st prepared when required. When stored, it 
must be kept in a dark bottle. 

Chloroform. — ^iloroform** slypuld be stored in a dark- 
coloured bottle in a cool place. v 

Cobalt Nitrate. Cobaltous Nitrate. — Co(N03)2.6H,0. 
M. Wt. 290:9. Eq. Wt. I4V5. The solid is very deliquescent. 

Copper. — Copper may be purchased in the form of foil? wire, 
turnings, or in the 'powdered state (reduced copper). Of these 
the turnings are the most convenient for the school laboratory. 
Reduced copper can be made when required by acting on a warm 
saturated solution of copper sulphate with small pieces of zinc 
foil. When all the copper has been precipitated, the supernatant 
liquid is poured off and the copper thoroughly washed, first with 
water and then with alcohol or methylated spirit. The spirit is 
then alio ved to evaporate away by placing the containing vessel 
in a warm place. The copper is dried finally in a desiccator. 

Copper Oxide. — Copper oxide is slightly hygroscopic and 
before use in quantitative experiments should be dried by heating 
it in a cruqible. 

Copper Sulphate. — Crystals of blue vitriol, CUSO4.5H2O, 
effloresce very slowly if kept in a dry place. 

To prepare anhydrous copper sulphate, crystals of blue vitriol 
are crushed in the mortar and heiated in an air-oven at about 
2 10° C. The substance should not be heated to a higher tempera- 
ture or black copper sulphide may be formed, whilst at a lower 
temperature all the water is not driven off. 

Dimethylglyoxime. — (CH3CNOH)*. A i per cent, solution 
is strong enough for detecting the presence of nickel. Dissolve 
10 grams a litre of rectified spirit or industrial methylated 
spirit. 

pne ounce of this substance lasts a considerable time. 

Diphenylamine.— (C,H,),NH. 4-5 grams of the solid ate 
dissolved in a mixtiue of 850 c.c. of concentrated sulphuric acid 
to 150 C.C. of water. 

Ether. Sulphuric Ether, Ethyl Oxide. — (CjH5)20. Ether is 
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a very inflammable liquid which gives off a very heavy vapour. 
It must be kept in a dark, well-stoppered pottle in a cool place. 

Wh^n ether is being recovered by distillation the collecting 
vessel should be placed at a lower level than the bunsen burners, 
e.g. in the sink. Unless this is^done the ethe\ vapour may travel 
on the bench .top to the bunsen ; it is heaviei^tl^ air (see also 
p. 136). 

Ethyl Acetate. Acetic Ether. — This is treated- m a similar 
manner to ether. 

Ethyl Chloride and other Ethyl Alcoh^ Derivatives. — ^AU 
these substances are best stored in dark bottles in a cool place, 
or else in sealed tubes. 

Ethyl Iodide. — Ethyl iodide soon turns brown on keeping. 
’This can be prevented by adding in the bottle a few c.c. of 
mercury. A discoloured solution should be shaken up with 
finely powdered sodium bisulphite, filtered and redistilled. 

Fehling’s Solution. — This solution is best made in two 
parts, each solution being kept in separate bottles until required. 

Solution A is prepared by dissolving 69*28 grams of blue 
vitriol in distilled water to which have been added a few c.c. 
of concentrated sulphuric acid, to prevent the formation of any 
basic salt. The solution is n de up to a litre with distilled water. 

Solution B is prepared by dissolving 352 grams of sodium 
potassium tartrate (Rochelle Salt) and 154 grams of sodium 
hydroxide in water, and maiGng up to a litre. 

When required, equal volumes of both solutions are mixed 
together and a clear dark blue solution should igpsult. 

Both bottles should be well stoppered. 

Ferric Chloride. — Fea36H20. M. Wt. 270*3. Eq. Wt. 
90-2. It may be necessary to filter after tHb solid has been 
dissolved in the requisite amount of water. 

Ferrous Ammonium Sulphate. — ^FeS04(NH4),S04.6H,0.- 

This substance keeps indefinitely. 

Ferrous Sulphate. — ^FeS047H,0. M. Wt. 278. Eq. Wt. 
1 39. Only the purest variety should be purchased since impure 
crystals oxidize readily. When piue the substance keeps a con- 
siderable time if the bottle is well stoppered. Sofaitions of this 
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salt should be made immediately b^ore use. The crystals should 
be powdered and dissolved in freshly boiled distilled water which 
has been^cooled. , 

Ferrous Sulphide. — FeS. This is the sulphide used* in the 
preparation of hydr/f!gen sulphide. It is purchased in metallic- 
looking sticks. 

Fusion Mixture. — This is a mixture of sodium carbonate and 
potassium caebonate in proportion to their equivalent weights, 
e.g. approximately lo parts by weight of anhydrous sodium car- 
bonate to 1 3 parts by weight of anhydrous potassium carbonate. 

Glycerin. Glycerol. — C3H5(OH)8. Glycerin is hygroscopic 
and should be stored in a well-stoppered bottle. 

Hydrochloric Acid. — HCl. M. Wt. 56*47. Eq. Wt. 36*47. 
The concentrated acid, as purchased, has a specific gravity of 
i*i6 and contains 31*52 per cent, by weight of HCl, that is, 
366 grams per litre. It is therefore 366/36*47 = 10*05 normal. 
To prepare an approximately normal solution, 1000/10*03 = 99*7 
c.c. of the acid are diluted to one litre. 

The commercial acid contains, amongst other things, iron, 
sulphuric acid, chlorine and arsenic, but is sufficiently pure for 
use in Kipp^i Apparatus when a five-normal solution is employed. 

Hydrogen Peroxide. — HjO,. A solution of twenty-volume 
strength is usually purchased which contains approximately 6 per 
cent, by weight of HjO,. It should be kept in a dark bottle, 
since it readily decomposes on exj^osure to light and warmth. 

** Perhydrol ” is a hundred-volume strength solution. 

Hydrogen Sulphide. — H^S. The gas is obtained from a 
Kipp’s Apparatus. When a solution is required, the gas from 
the Kipp’s Appamtus is washed by passing it through a small 
amount of water.* Lump ferrous sulphide and either dilute 
hydrochlodt Rcid or dilute sulphuric acid should be used. 

Indicators.— See p. 66. 

Iodine. — The solid is volatile even at ordinary temperatures 
and should be kept in a well-stoppered glass bottle wi& a glass 
stopper. 

A solution can be prepared by dissolving 1 gram of iodine 
and 3 grams ef potassium iodide in 50 c.c. of water. 
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Iron. — Iron wire practically pure can be purchased for volu- 
metric work. Such wire will rust in a^moist atmosphere. It 
should be kept in a vessel in which there are a few Urnips of 
quiciclhne. 

Lead Acetate. Sugar ^of r Lead.— (^iH3COO)2Pb . 3H2O. 
M. Wt. 379*i. Eq. Wt. 189-6. This is one ol^the few soluble lead 
salts. The solid should be l^ept in a well-stoppered bottle. 
When necessary the solution may be cleared by the addition of 
a few dr9ps of acetic acid. 

Lime Water. — See Gilcium Hydroxidof p. 53. 

Magnesium. — Magnesium readily oxidizes when exposed to 
moist air. The ribbon should be kept in waxed paper, or else 
in a bottle containing quicklime. 

Manganese Dioxide. Pyrolusite. — MnOj. A good sample 
of powdered pyrolusite contains 80 to 90 per cent, of MnO*. 
Granulated manganese dioxide is the best variety to use in the 
preparation of chlorine. Only the pure variety, guaranteed free 
from combustible material, especially coal dust and antimony 
sulphide, should be used in the preparation of oxygen ; the use 
of impure dioxide has caused serious explosions. 

Mercury. — Pure redistilled is the kind usually jiurchased for 
school use. It should L.i stored in a strong earthenware bottle, 
and, owing to its great density, boys should be cautioned of the 
unexpected weight of the bottle before lifting it. Mercury should 
not be poured into a thin-^falled glass vessel, and whenever it 
is being used, the apparatus, etc., containing the mercury should 
be placed on a tray to catch any mercury whiclj may be spilt. 

Mercuric Chloride. Mercury Bichloride, Corrosive sub- 
limate. — HgClg. M. Wt. 271-5. Eq. Wt. 1357. (See also 
p. 93.) Mercuric chloride is only slightly sOluble in water and 
therefore a fifth-normal solution is usually employed. It is a 
very poisonous substance and should be labelled as such. 
Powdered mercuric chloride (B.P. Pulv.) is the most suitable 
form td purchase. 

Microcosmic Salt. Sodium Ammonium Phosphate. — 
NaNH4iHP04.4H20. This salt is frequently used in place of 
borax in the blowpipe reactions. 



j8 THE PREPARATION AND SToKaGE OF REAGENTS 

‘ Nessler’s Reagent.— This is^n alkaline solution bf potassium 
and mercuric iodide.^ Dissolve 3*5 grams of potassium iodide 
in about 10 c.c. of water. Grind 1*25 grams of mercuric chloride 
to a fine powder in the mortar, add the potassium iodide* solution 
to this and grinc^ them uitfil all the chloride has dissolved. 
Transfer the soluraon with the washings to a beaker (the total 
solution should not exceed 50 c.c.). To this add a saturated 
solution of jyiercuric chloride until a faint red precipitate persists, 
and then a,dd 12 grams of sodium hydroxide and apply heat to 
dissolve this, if necessary. When it is cool add one or two drops 
of the mercuric chloride solution until a precipitate is formed 
again. Dilute to 100 c.c. and pour the supernatant liquid into 
the storage bottle, which should be a dark one with a rubber 
stopper. 

The solution deteriorates on keeping. 

Nitric Acid.— HNO3. M. Wt. 63. Eq. Wt. 63. The con- 
centrated acid has a specific gravity of 1*420 and contains 69*8 per 
cent, of HNO3. One litre contains 991 grams and is therefore 
591/63 = 15*7 normal. Hence 1000/15*7 = 63*6 c.c. of the acid 
is required to make i litre of normal acid. 

The commercial acid contains, amongst other things, hyponitric 
acid, chlorine, sulphuric acid and iron. 

Phenol. Carbolic Acid. — CeHgOH. M. Wt. 94. Eq. Wt. 
94. Carbolic acid crystals turn a pink colour on exposure 
to air, and are deliquescent, fbrming a crystalline hydrate, 
2 . CeHjOH . HjO. They should be kept in a well-stoppered dark 
bottle. 

Phosphorus. — A school laboratory usually possesses both 
red and white phosphorus. 

The red amorphous variety is stored in a well-stoppered bottle 
and few*^recautions are necessary in using it. 

The white (yellow or waxy) phosphorus is kept under water 
in a glass bottle. When using it, thci phosphorus should be 
withdrawn by means of the crucible tongs and placed in an 
evaporating vessel containing water. The phosphorus should 
be cut while under the water and placed on a filter paper to dry. 
This Rllotropic form must never be touched by the hands. 
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especially when dry. The he^t of the body is sufficient to ignite 
the phosphorus. 

Phosphorus Derivatives. — Most oT these, especially the 
chlorides, oxides, and the acids, are affected by the moisture of 
the air and should be kept in \yeIl-stoppe^ed bottles. 

Picric Acid. — See p. 94. * 

Platinic Chloride. Platinum Bichloride. — ^PtCl4.2HCl. 
M. Wt. 409-2. This is a very hygroscopic substa»jce and must 
be k$pt in a sealed glass tube. 

A suitable solution for qualitative work ijj^made by dissolving 
5 grams of the substance in 100 c.c. of distilled water. 

Platinized Asbestos. — Asbestos fibre is cleansed and dried 
and then immersed in a strong solution of platinic chloride — 
2*5 grams of PtCl4.2HCl in 20 c.c. water. The asbestos is then 
placed in a solution of ammonium chloride, when ammonium 
chloroplatinate is formed as a deposit on the asbestos. The 
latter is now strongly heated, when the chloroplatinate decom- 
poses and leaves a layer of finely divided platinum on the 
asbestos. 

Platinum Wire. — A lead pencil, sharpened to a long chisel 
point, makes a good substitute for platinum wire. 

Potassium. — See Sodium, p. 60. 

Potassium Chlorate. — KCIO3. This substance must be 
handled very carefully. It readily evolves oxygen and should 
never be ground in the moftar, etc., with any other substance 
which is easily oxidized or inflammable, or with sulphur, carbon, 
or antimony sulphide. Indeed, the safest plan is to grind the 
chlorate separately before mixing it with any other substance. 

Potassium Cyanide. — KCN. There are many varieties of 
this very poisonous substance on the market. •Potassium cyanide 
of commerce, containing 90 per cent, of KCN,^is usually 
purchased. 

Most samples decompose on keeping, with the formation of 
hydrogen cyanide. Hence the substance should not be smelled. 
A solution of it also decomposes, forming a flocculent precipitate, 
and should therefore be made immediately before use. 
Potassium Ferricyanide.— K3Fe(CN)6- M^Wt. 529. Eq. 
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Wt. 329. A solution ot this is^not very stable and should be 
made when required. Dust and light cause the crystals to be 
reducq;^ on the surface to the ferrocyanide ; thus the crystals 
should be rinsed before using and the solid kept in* a dark, 
well-stoppered bo^le. 

Potassium Ferrocyanide —K4Fe(CN)e.3HjO. M. Wt. 
422. Eq. Wt. 422. To prepare a solution of this, 21 1 grams 
of the crys^ls are dissolved in a litre of water. A piece of iron 
wire placed in the solution helps to preserve the latter. 

The solid is sightly efflorescent and should be kept well 
stoppered. 

Potassium Hydroxide. — See Sodium Hydroxide, p. 61. 
Potassium Iodide.— KI. M. Wt. 166. Eq. Wt. 166. 
Owing to the cost of this substance, a fifth-normal solution is 
usually employed. The solution is best kept in a dark bottle, 
but even then the solution gradually turns yellow. This can be 
prevented by adding a few c.c. of mercury to the solution. 

Potassium Permanganate. — A decinormal solution is 
employed as a test reagent. 

Potassium Sulphocyanide. — KCNS. M. Wt. 97. Eq. 
Wt. 97. :^otassium sulphocyanide is very sensitive to ferric salts 
and a fifth-normal solution is strong enough. The solid is very 
deliquescent and so the bottle must be well stoppered. Am- 
monium sulphocyanide may be used instead of the potassium 
salt. 

Silver Nitrate.— AgNOg. M. Wt. 170. Eq. Wt. 170. 
Distilled water must always be used to prepare a solution of this 
salt. A fifth-normal solution is strong enough for bench 
purposes. The solution is partially decomposed by light and 
should be kept in dark bottles. 

Soda^Lime. — As its name suggests, this is a mixture of 
caustic soda and slaked lime. It should be kept in a bottle with 
a waxed cork. 

Sodium and Potassium. — Both these metals readily oxidize 
in air and are kept under naphtha (or toluene, or xylene) prefer- 
ably in sealed glass bottles or stoneware jars. It has been stated 
that when tljese metals have been stored in this manner they 



THE PREPARATIOfj AND STORAGE OF REAGENTS 6 1 

• 

may cause an explosion whef thrown into water, and that* the 
naphtha is in some way the cause of this. Othe*rs explain the 
exp^sion as being due to the use of pure metal. 

An •alternative method is to keep these* metals, especially 
sodium, in an ordinary bottle, wf^en it is necessary to cut off the 
outer crust before using. Inaeed, it is safertto cut off the outer 
covering of sodium peroxide even if the sodium has been stored 
in naphtha, etc. If desired, an amalgam of the metal with 
mercury may be used ; this acts less vigorously than the pure 
metal. 

These metals should not be handled and snouid be cut on a 
dry filter paper. 

Certain organic substances explode when fused with sodium 
so that care must be taken when doing qualitative tests with 
them. 

Any residues must not be placed in the sink, for fear of an 
explosion, but should be added in small pieces to acetone, allow- 
ing each piece to dissolve before further addition. This solution 
may then be poured down the sink. 

Sodium Amalgam. — Gently warm a known weight of 
mercury and place it in a mortar. To this add approximately 
^th by weight of sodium cut into small pieces. Tne experiment 
should be performed in the fume cupboard and the hand pro- 
tected by gloves, or by a duster. If preferred, the sodium may 
be thrust under the surface means of a glass rod. The amalgam 
should be protected from moisture and from the air. 

Sodium Acetate. — CH3C00Na.3H20. M.^Wt. 136. Eq. 
Wt. 136. This is an efflorescent substance. A saturated solution 
is the most efficient for the phosphate separation. Indeed, the 
solid itself may be used for this purpose. 

Sodium Cobaltinitrite. — 40 grams of cobalt ni«Bate crystals 
and 100 grams of sodium nitrite are dissolved in 500 c.c. of water,** 
20 c.c. of acetic acid added and the solution diluted to i litre. 
Such a •solution keeps about three months. A few drops of 
acetic acid may be added to it occasionally. 

Sodium Hydroxide.— NaOH. M. Wt. 40. Eq. Wt. 40. 
There are at least three important varieties 0% the market — 
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s6dium hydroxide pure from sodjum, pure by alcohol, and pure. 
The first variety is somewhat expensive and is only used, in school 
labora|pries, for very accurate volumetric work. Indeed, the 
variety pure by alcohol is quite pure -enough for this purpose, 
but “ sodium hydrpxide pure ” is used for preparing the bench 
solutions. All varieties are very deliquescent and also readily 
absorb carbon dioxide from the air; they should be stored 
accordingly. Owing to its caustic action, the substance should 
not be touched by hand. 

Glass wool should always be used when filtering a solution 
of this solid, since the alkali attacks and dissolves filter paper. 
The solution should be kept in rubber-stoppered bottles ; other- 
wise sodium carbonate forms around the ‘stopper and cements 
it fast. The rubber stoppers are attacked slowly. 

When sodium hydroxide is used in a burette, and this should 
occur on very few occasions, great care should be exercised in 
seeing that the burette is thoroughly washed out after use, 
especially round the tap. 

Sodium Nitro Prusside.— A freshly prepared solution 
should always be used containing 2*5 grams per 100 c.c. of water. 

Sodium Peroxide should be stored in a tightly closed bottle. 
Sodium Phosphate. — NajHPO^.izHgO. M. Wt. 358. 

Eq. Wt. 119*3. The substance going under this name is 
chemically disodium hydrogen phosphate. 

A trace* of chloroform in the solution will prevent growth 
of fungi. 

Stannous Chloride.— SnClgzHgO. M. Wt. 225 -6. Eq. 
Wt. 112*8. ^Dissolve the gram equivalent weight in a litre of 
normal hydrochloric acid and filter. 

A better method is to heat 100 grams of granulated tin with 
a mixture of 300 c.c. of concentrated hydrochloric acid and 
30 c.c. of water until no gas is evolved. If the solution is 
still acid, more tin must be added and the treatment continued 
until the tin is present in excess. Any undissolved tin should 
be left in the solution when storing it. 

Sulphuric Acid. — H8SO4, M. Wt. 98. Eq. Wt. 49. The 
specific gravipT of concentrated sulphuric acid is 1*843, there 
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are two cdncentrations of acic^ which have this specific gravify — 
acid containing 95*9 per cent, and that with 99* per cent, by 
we^ht of H,S04. Assuming the acicf contains 96 per cent, 
by weight, then there will be 1769*5 grams H2SO4 per litre. 
Hence the acid is 1769*3/49 =,^6 times normal strength and 
1000/36 = 28 c.c. are required to form a litre of normal acid. 

The acid i^ sometimes used as purchased as bench concentrated 
acid, but, owing to its vigorous nature, it appears undesirable 
to put such an acid within reach of children and such acid 
should be kept on the side ” shelves. 

Concentrated acid should always* be added very gradually to 
water, for the heat of solution is very great. This addition is 
best carried out in an earthenware jug, or pneumatic? trough, 
or in a large round-bottomed flask, say a 2-litre one. On no 
Account should water be added to the acid. 

Twice-normal acid is not strong enough for some reactions, 
e,g. the preparation of hydrogen from zinc, or equivalent weight 
determinations. In such cases five-normal acid should be used. 

Commercial acid contains, amongst other things, arsenic, lead, 
iron, and the oxides and acids of nitrogen. 

SOLUTIONS FOR VOLUMETRIC WORK 

The amount of volumetric work done in schools seems to be 
on the increase, and in many schools some litres of the commoner 
solutions are used each term? The preparation of these involves 
much work to the assistant, and partly to avoid this it is advisable 
to prepare some lo litres or so of each solution at the beginning 
of the term and store them in large aspirators furnished with a 
stopcock. This can only be done in those cases where the 
solution does not deteriorate on standing. Ffcr their preparation 
there should be available a very accurate set of rtandardized 
apparatus. 

Acids and Alkalies. — ^The basis for acidimetry and alkali- 
metry is 'a standard solution of sodium carbonate. This is used 
to standardize the acids and they, in turn, to standardize the 
other alkalies. Formerly the science master who made his own 
standard solutions prepared the sodium carboi^ate by heating 
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sodium bicarbonate until there /was no further losS in weight. 
But now most masters buy “ analar potassium bicarbonate and 
this c^ be used directly for standardizing the acids. 

Most dealers sell standard solutions erf acids and some* masters 
use such a solution ; generally it has been very accurately 
standardized, and the cost is by no means excessive. This 
solution should be reserved solely for standardizing the laboratory 
volumetric jsolutions of alkalies, and hence, through the latter, 
any other acids. 

Standard solut^ns of hydrochloric and sulphuric acids do 
not deteriorate on keepirig. Thus, 10 litres of each may be 
prepared at a time and stored in an aspirator ; grooves must 
be cut in the cork at the top to allow air to enter. If this is 
not done, the acid will not run out of the tap. 

Even sodium hydroxide and sodium carbonate will keep under 
these conditions in a good enough condition for fifth-form 
work. If a more accurate method is preferred, the aspirator 
can be stoppered by a tight-fitting rubber bung through which 
passes a tube containing soda lime. The latter absorbs any 
carbon dioxide and so prevents contamination. 

Potassium Permanganate can be bought sufficiently pure 
to use in the preparation of a standard solution. It is best, 
however, to prepare about 10 litres and then to standardize it 
against “ analar oxalic acid. Before doing so, the solution 
should be allowed to stand for a ^/eek or so until all the organic 
matter (which is present even in distilled water) has reacted with 
it. The solution should be usually about decinormal in strength, 
and such a s6lution will retain its strength for a term, if protected 
from light, dust and organic matter. 

Potassium Bichromate is not so much used, and 2 litres are 
probably^ sufficient for most laboratories. A solution of this 
substance keeps indefinitely. 

Silver Nitrate crystals can be bought pure, but a solution 
of silver nitrate does not keep for a long time, even in dark 
bottles. It is best to prepare it when required for sixth-form 
work. For fifth-form work sufficient for the term can be 
prepared at pne operation. 
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Sodium ^hiOSUlphcltC. — Ckyatinid ui duvuum jauudUipiiALC 
often contain more water than the fornniila, NagSaOj. 5HaO, 
indicates. Thus an accurate standard solution^ cannot b# made 
directly.* To prepare a* litre of decinormal solution, about 
26 grams of the crystals are dissolved in a litre of water and this 
solution then standardized against a known iodine solution. A 
thiosulphate solution becomes strpnger with regard to iodine on 
keeping. This apparently strange occurrence is probably due 
to the ^carbon dioxide reacting with the hypo, forming thio- 
sulphuric acid, thus : 

!Na2S203 4 " H2® CO2 = 2NaHC03 -t- H2S2O3. 

The thiosulphuric acid then decomposes, forming sulphurous 
acid and sulphur, thus : 

H2S2O3 = H2SO3 + S, 

and the sulphurous acid reacts with more iodine than a corre- 
sponding amount of thiosulphuric acid does. That is, one 
molecule of the thio-acid requires one atom of iodine, 

2H2S2O3 + I* = H2S40e + 2HI, 

whereas one molecule of sulphurous acid (which is formed 
from one of thiosulphurous acid) reacts with twcT atoms of 
iodine, 

H2SO3 + I* + H.O = H2SO4 + 2HI. 

For ordinary school purposed, if the water is boiled vigorously 
before dissolving the hypo to drive off the carbon dioxide, 
sufficient solution for the term may be prepared.. 

Iodine. — standard solution of iodine is made by dissolving 
the iodine in a solution of potassium iodide, from one and a 
half times to twice as much potassium iodide as the iodine 
being required. The solution goes weak on standing ; Ticnce no 
great quantity should be prepared at once, and the strength of 
the solution should be determined before each use. 

Arsenious Oxide. — ^This substance is got into solution by 
dissolving the solid in a cold sodium carbonate solution, 01 
better, one of the bicarbonate. Such a solution keeps sufficiently 
well for school purposes. 
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Barium hydroxide. — Ba(OtJ),. SHjO. This substance may 
be bought either in th/^. crystalline form or fused. The crystals 
are occisionally a slight yellow colour, and should the^ be 
recrystallized from water. It is only very slightly soluble in 
water, and a decinormal solut^.on,, or weaker, is generally used. 
It readily absorbs 'carbon dioxide, and hence must be kept in 
well-stoppered bottles. 


THE PREl-ARAT!ON OF INDICATORS 

Litmus. — Litmus is purchased in the form of small dark- 
blue cubes. loo grams of the cubes are finely powdered in 
the mortar and digested repeatedly with distilled water until no 
more of the litmus dissolves. The whole of the solution is 
next evaporated to a small volume and dilute acetic acid added 
until no further effervescence takes place ; this treatment de- 
composes any carbonate. The solution is then heated again until 
it becomes pasty. Excess of warm alcohol is added to this 
paste and this precipitates the blue colouring matter. After 
filtering the mixture, the precipitate is digested for some time 
with a litre' of water. 

Litmus goes bad when kept out of contact with air ; therefore 
it should be kept in a wide-mouthed bottle and grooves cut 
down the sides of the cork. A few drops of chloroform may 
be added to prevent any growth of fungi. 

Methyl 0{;ange. — Since half an ounce will be sufficient for 
an ordinary laboratory for years, only the purest kind should be 

bought. One gram of the solid is dissolved in a litre of water, 
c 

Phenok Phthalein. — Once again, half an ounce is sufficient 
for a number of years. It is nearly insoluble in water, but is 
soluble in alcohol. 2 grams of the solid are dissolved in 600 c.c. 
of rectified spirits (or industrial methylated spirit), and distilled 
water is added to make i litre. 

Potassium Chromate. — ^Dissolve 50 grams of the- crystals 
in 1 litre of distilled water. 
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Starch Solution. — About l gram of starch is ^ mixed with 
a little cold water in a mortar and grounjji into a paste. This 
is po^ed, drop by drop, into about loo c.c. pf boiling* water, 
which ft stirred after eifch addition. Starch solution does not 
keep. 

Starch loAide Papers. — ^To the above solution add one 
of potassium iodide and dip into it strips of cartridge paper. 
Dry these and place in a stoppered bottle ready for use. 


THE STORAGE OF CHEMICALS 

Much time and trouble can be saved by adopting some 
uniform method of storage, and the master has at least three 
methods to choose from — the alphabetical method,” the 

family method,” or the group method.” 

In the first method all the bottles are arranged in the alpha- 
betical order of the substances contained in them. Very 
frequently any deficiency in space can be overcome by storing 
the sodium, potassium and ammonium salts, which are by far 
the most numerous, in a separate cupboard or place. 

In the second method, the chemicals are arranged according 
to the periodic classificatio* that is, all the alkali salts together, 
all the alkaline earth salts together, and so on. 

In the third method, the or^er adopted is that of the groups 
in ordinary qualitative analysis, that is, the silver, lead and 
mercurous salts together, and so on. 

It is necessary in both the last two methods oi^ storage that 
whoever goes to the storage cupboard or shelves must have 
some knowledge of chemistry, cither of the peri(jdic classification^ 
or of qualitative analysis, and for this reason the alt^abetickl 
method seems to be by far the most suitable. But whatever 
method is employed, great c^rc has to be exercised that the 
bottles are returned to their fcorrect places on the shelf after 
use, and a* periodic inspection by the master is desirable. 

One fault, common in many laboratories, is that of storing 
substances out of reach without the use of steps or chairs. 
Serious accidents may* result from this, and largp Winchester 
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bottles of concentrated acids and the like should be kept on 
or near the floor. All^the storage cupboards should be situated, 
if possiMe, in a special store-room. They should be kept as 
cool as possible, and the position of zaf radiators, etc., t>hould 
be taken into consideration. «Mo^st of the chemicals ought to 
be kept under lock and key, especially those of % particularly 
poisonous nature. Indeed, many masters prefer to have a small 
“ poison cupboard,” the key of which is always in the master’s 
possession. 

During the last as part of the air-raid precautions, scliools 
were advised to store their inflammable liquids outside the 
school premises. It is advisable to do so permanently, a small 
store-room only being necessary. It need be just tall enough to 
hold a carboy, something like a cold-frame but with a sheet 
metal hinged top which could be locked. All Winchester bottles 
and larger supplies of inflammable liquids should be kept in a 
separate store-room. Ideally, a separate room, large enough to 
enter, properly heated and ventilated, should be built. It has 
been suggested that such a room should be connected to a 
sump large enough to hold all the liquid stored in the room. 
Then, in case of fire, the risk is minimiaed of the burning liquid 
flowing to bther parts. 

Special precautions for preventing decomposition and for 
the storage of bench solutions have been mentioned under the 
names of certain substances. It {low remains to deal with a 
few more general topics. 

Deliquescent, hygroscopic and efflorescent substances should 
he stored in 'well-stoppered bottles. Those in common use 
may be placed in bot^ with rubber bungs, or ground-glass 
stoppers, those less rarely used in bottles whose stopper, 
either bar^or glass, is coated with lacquer, collodion, or paraffin 
^wax. This coating must be renewed after each use. Volatile 
substances, such as carbon bisulphide, ether and most organic 
liquids, should be stored in a similar manner, or in a sealed 
glass tube. 

The following is a list of the commoner deliquescent or 
hygroscopic substances : 
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Ammonium Acetate. | 

Barium Chloride. 

All Ksmuth salts, except the 
carbonate. 

Bleaching Powder (s). 

Calcium Oxide (v). 

Chromic Acid (v). 

Cobalt Acetate. 

Cobalt Nitrate (v). 

Coppir Sulphate, anhydrous 

(v). 

Ferrous Chloride (v). 
Magnesium Chloride (v). 
Manganese Nitrate. 

Phosphoric Acid (or P2O5). 
Potassium Carbonate. 
Potassium Nitrate (s). 
Potassium Quadroxalate (s). 
Potassium Tartrate (s). 

Sodium Carbonate (s). 

Sodium Hydroxide (v). 

Sodium Nitrate. 

Sodium Sulphide (v). 

Zinc Chloride. 
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Ammonium Sulphocyanide (v). 
Barium Sulphide. 

Calcium ^Chloride (v). 

Calcium Nitilate (v). 
Qiromium Sulphate (vj. 
Cobalt Chloride. 

Copper Chloride. 

“Ferric Chloride. ^ 
Microcosmic Salt. 

Nickel Chlcjfide (v). 

PlafiAic' (^Rloride (v). 
Potassium Hydroxide (v). 
Potassium Sulphocyanide (v). 
Soda Lime (v). 

Sodium Bromide. 

Sodium Bichromate. 

Sodium Iodide. 

Sodium Nitrate (s). 

Stannous Chloride. 

Strontium Bromide. 

Zinc Nitrate. 


V signifies very deliauescent. 
s signifies slightly deliquescent or hygroscopic. 


List of Efflorescent Substances* 

Magnesium Sulphate Crystals. Sodium Acetate (in warmth). 
Sodium Carbonate Crystals Sodium Sulphate (Glauber’s 
(Washing Soda). Salts). 

Sodium Phosphate. 


S.L.M. 



CHAPTER IV 


THE PHYSICAL LABORATORY 

A t one time there was a vigorous demand that students of 
scierice should construct most of their own apparatus for 
elementary work, f.nd most text-books of physics gave elaborate 
instructions on the making of various pieces of apparatus. 
Unfortunately for this plan, the time at the disposal of the average 
physics master is scarcely enough for him to permit such work, 
which possibly belongs more to the school workshop than to 
the laboratory. There are, however, many admirable books on 
laboratory arts, mention of which will be found in the Preface. 
Hence this chapter will refer to the ordinary routine duties 
arranged alphabetically. 

The Amalgamation of Zinc and Copper 
Amalgams are solutions or alloys of metals in mercury, and 
are so called because the resulting product, owing to the excess 
of mercury used, is often a liquid (Amalgam = softening). 

In certain experiments it is necessary to use “ mercury cups,” 
i.e. holes in pieces of wood, as connectors. These cups are 
connected together by thick copper wires. If these wires are 
amalgamated and thrust well into the mercury, the electrical 
resistance oft the joint is almost negligible. The copper wires 
should first be cleaned with fine emery cloth, washed in water, 
and dipped in a solution of mercuric nitrate, freshly made by 
adding excess oi^ nitric acid to mercury. The copper wire on 
removal is coated black, but when rubbed with a cloth, a bright 
covering of mercury results. 

Amalgamated 2inc rods are sometimes used to illustrate the 
prevention of “ local action.” (Formerly, amalgamated rods or 
plates were used in many primary cells.) Qiemically pure zinc 
is expensive and commercial zinc rods contain impurities which 
cause local action.” Zinc is amalgamated as follows : 

70 
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The zinc should be thoroughly cleaned with sandpaper and 
any small pieces of the metal removed. This is fblldwed by a 
wasting in dilute caustic soda to remove any grease (aljput aN 
strength of the soda i# used). The soda is’ then washed off 
and the zinc is dipped in dilute sulphuric acid, where it remains 
until effervescence commences. It is then immediately taken 
out, washed with tap water, then with distilled water, and dried. 
Mercury is then rubbed over tHe surface with a l\ard bmsh or 
cloth, and since the fingers must not touch the metal, the cloth 
is fast^ed to the end of a glass rod or a piege of wood. Care 
must be taken to cover all the suTfsfSe! ^Afterwards the zinc 
is left to drain in a dish to catch the spare mercury. 

Ammeters and Voltmeters 

The importance of class experiments in which ammeters and 
voltmeters are used is now being increasingly realized. The 
moving coil types are suitable for the purpose but they are 
expensive and their supply is often limited for this reason. 
Ammeters reading to two amperes and voltmeters reading to 
three or five volts are generally used in these experiments. 
Instrument movements with bobbins for voltmeter conversion 
and different shunts for conversion to ammeters ^f different 
ranges are particularly us< ‘hi ; they also illustrate the use of 
series and shunt resistances. 

Each school should have at least one instrument to illustrate 
each of the different types o^ movement. The most important 
of these are the moving coil type, the moving iron attraction 
and repulsion types and the rectifier type. 

Now that emphasis is laid on the use of alternating current 
in school work instruments suitable for A.C. measurements 
should be provided. Moving iron instrument can be used £a& 
both A.C. and D.C., though if the instrument is calibrated for 
one current it is not necessarily quite accurate for the other, 
though for most purposes it is likely to be so. 

A complete testing set for use with both A.C. and D.C., such 
as the Avometer, is very useful in the laboratory. For A.C. 
a Westinghouse rectifier is employed. Considering the wide 
range of current, voltage and resistance measurements possible 
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with such instruments they ari relatively inexpensive, there 
being a large commercial demand for them in connection with 
wirelesf servicing. 

Voltmeters should have a high resistknce ; ammeters' a very 
low one. Moving coil instruments, including rectifier instru- 
ments, are better in this respect than moving iroi? instruments, 
since their current-sensitivity is greater. Thus a moving coil 
voltmeter o£.20o ohms pei volt takes 5 milliamps for a full 
scale deflection whereas a moving iron voltmeter may have an 
impedance of onlj/ 5 ohms per volt. A low reading moving 
iron voltmeter may, therefore, be used for measuring a low 
alternating current such as that taken by transformer primary 
or condenser connected across the mains. 


Bulb Tubes. To Clean and Fill 

Such pieces of apparatus as weight thermometers 
and constant volume air thermometers, Le. apparatus 
consisting of a bulb to which is sealed a capillary 
tube, may be cleaned by means of the chromic acid 
solution (see p. 34). This is best introduced into the 
bulb by heating the latter in a water-bath, or often 
^he heat of the hand is sufficient, and then dipping 
the open end under the liquid. The heat drives out 
a little air and thus, when the vessel cools, some of 
the liquid is sucked in. The operation is repeated 
until sufficient liquid has been introduced (it is by no 
means necessary to fill the bulb), and the liquid is 
then swirledc round. It is then expelled by holding the bulb 
upside down and heating it. The bulb is next similarly washed 
with distilled water and then with alcohol. It is finally heated 
and the alcohol vapour sucked out by the pump. 

It is a little difficult to fill a thermometer tube in this manner 
with mercury, hence the following device may be employed. 
The diagram is almost self-explanatory. Warm mercury . is 
placed in the upper tube and the bulb is heated as before. When 
the bulb cools, the mercury is sucked into it. (If the mercury 
had not been heated, there would have been a risk of the cold 
mercury fracturing the hot glass.) 
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Unfilled thermometer tubes Jan be obtained from most dealers 

already provided with a funnel arrangement at the top! In such 

a caiif. warm mercury is placed in the top and the above4>rocess 

carried -out. These unfilled thermometer tubes are very cheap 

and are very useful in showing the construction of a thermometer. 

c 

Calorimeters 

Calorimeters should be of “ spun copper or aluminium in 
one piece, since solder readily melts, is liable to leak, and has 
a different specific heat from copper. Moreipver, the presence 
of the solder makes it impossible “foTfetermine accurately the 
water equivalent of the vessel by a simple weighing and calculation. 

The most serviceable size for a calorimeter is 3 in. by 2 in. 
or 3 in. by in. About two dozen of each size are 
ample for an ordinary laboratory, and good cheap ones provided 
with a holder for the thermometer can now be purchased. 
For elementary work it is not necessary to provide the elaborate 
double vessels. A simple copper calorimeter serves if this is 
placed on a large flat cork within a glass beaker. If desired, 
a layer of sheet asbestos, |-in. thick, may be used to give better 
insulation. In all elementary work it is useless to provide 
apparatus more elaborate than the inaccurate workiffg of young 
students warrants. One two good calorimeters should be 
obtained for advanced students and demonstration purposes. 

Large masses of metal shcmld be used in specific heat deter- 
minations ; the 1 00-gram weights are very suitable for this 
purpose. Heavy calorimeters are also very useful in elementary 
work since they absorb comparatively large amounts of heat. 

Capillary Tubes 

Small glass capillary tubes are used in mefting-point and-inr’ 
boiling-point determinations and in experiments on surface 
tension. For all of these tests it is essential that the inner 
surface be clean and dry. Hence a piece of glass tubing, about 
6 mm. in diameter, or a test-tube, is cleaned with caustic soda 
and chromic acid followed by distilled water. It is dried and heated 
in the bunsen flame, being rotated the while, until it is soft. 
The tube should not be heated to redness. Th% tube is with- 
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drawn and each end pulled untL the diameter of the capillary 
is about I mm. Tl^e tube should not be drawn out whilst 
still in <die flame. The capillary tube may be cut into sizable 
lengths and stored for use. llae solid^ whose melting-point is 
to be determined may be introduced by melting it and allowing 
it to run in, or by poking it into ^he tube with 9, pin. 

Cells. 

The old type of primary cell is little used in experimental 
work, nowadays.. Nevertheless, to illustrate the principle in- 
volved, most laboratories "stock a few Daniell cells and wet 
Leclanchd cells. 

For fne Daniell cell the sulphuric acid is prepared by adding 
80 C.C. of the concentrated acid to a litre of water ; the copper 
sulphate solution is a saturated one and is made by dissolving 
about 400 grams of the crystals in a litre of water to which a 
few C.C.S of the acid have been added to prevent the formation 
of the basic salt. 

After the cell has been used the solutions should be emptied 
out and stored in bottles for future use. (If the cell is left 
set up the copper sulphate will diffuse into the zinc sulphate.) 

The porbus pot must be thoroughly washed before the cell 
is stored and so must the zinc plates. 

Wet Leclancbi cells are sometimes used for experimental work. 
They may be left set up but it is^ advisable to remove the zinc 
rods each time after use. 

Dry cells have many advantages since, although they are not 
entirely “ tiB/,” they contain no loose liquid and so can be 
carried about. They can also be used in any position, for the 
same reason. 

■““ Dry cells require no attention and are easily stored, though 
it is advisable to store them in a cool place, otherwise the 
moisture may evaporate, so causing a big increase in the internal 
resistance. Even so, there is always a gradual lowering of the 
E.M.F. when the cell is left standing, even when it is not in 
use, and tiie life of the cell is rarely more than a year or so. 

The internal resistance of a dry cell is high compared with 
that of an aommulator, but dry cells can usefully be employed 
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to supplement the supply of ifccumulatots in experiments with 
potentiometers. In such an experiment the student «hould be 
reminded that the cell must not be left ‘in circuit any longer 
than is. necessary. 

The cells used for this purpose should be of the type supplied 
for bell circuits, i.t. those widf a £^ly high capacity. 

Accumulators are the most suitable cells iot experiments in 
current electricity. The internal resistance is so small that it 
can usually be neglected ; the cell can be relied upon to give 
a stAdy current. Owing to the difficulties of satisfiictory 
upkeep, storage, etc., it is usually •aofsdtisable to have more 
cells than are likely to be needed at any one time. They can 
be supplemented by the use of dry cells, and, to a certain extent, 
by the use of rectified alternating current, using metal rectifiers. 

' Alkaline cells are used in many schools ; the initial outlay is 
heavy, but the ceils have a longer life and can stand harder 
treatment than lead cells. 

Tie Charing of Accumulators. Most cells are labelled with 
their normal charging rate, which should never be exceeded 
The cells are charged at this rate, with their stoppers out, until 
they are gassing freely ; it is then advisable to continue to charge 
them at a rate which is about 40 per cent, of the Aormal one.- 
The E.M.F. reached shoi ’d be about 2*6 volts. 

A ceil should be re-charged before its voltage falls below 
i'8j or when the specific gravity of the acid is i‘i8. 

Acid of the correct specific gravity must be put in a new cell 
and only the purest acid should be used, because impurities in 
the acid affect the cell seriously. It is best to buy pure add 
and dilute it, as required, with distilled water to the appropriate 
density, which can be ascertained by the hydrometer. 

Water lost by evaporation must be replaced^y “ topping up 
the battery, at suitable times, with distilled water. Any ^dd 
which is spilled must be replaced by add of the same density 
as that remaining in the cell. 

It is useful to have a trickle charger in the laboratory, as 
one which charges at a low rate, say one ampire, is very suitable 
for cells of the pasted-plate type such as are generally used in 
school laboratories. 
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^rhe usual causes of “ sulphaling ” are undercharging and^ 
leaving thb dell in an uncharged or pardy charged state. The 
insolub^e sulphate may often be made to flake off the pla^. by 
means of charging the cell for some tinie at above the normal 
rate ; the cell should then be \j^ashed out and filled with new acid. 

Frequent overcharging, on the other hand, results in the 
breaking up of the lead alloy forming the grids ; charging and 
discharging too high a rate' causes loosening of the active 
material in the grids. 

The tops of the^ cells should, at all times, be kept: clean and 
free from acid. Corrdsibif of the terminals may be prevented 
by smearing them with vaseline or crude lanoline. 

Accumulators of 60 ampere hours* capacity are most suitable 
for the laboratory ; they should be numbered so that the con- 
dition of each and its life history may be recorded. 

Coloured Liquid (for experiments in Hydrostatics and Heat) 

Dissolve I gram of fluorescein in 100 c.c. of methylated 
spirits. Add a few drops only of this solution to about i litre 
of water. 

Compassers 

The cheap varieties are almost useless for school work, 
especially for plotting fields of magnetic force. 

Connecting Wires 

Copper connecting wire for electrical experiments should be 
insulated ; ito should be, preferably, about 20 S.W.G. Such 
wire will take a current of about 5 ampferes without overheating 
and it is sufficiently flexible. 

The wire is usually covered with a double layer of cotton. 
To prevent wastage, the covering near the bared ends may be 
fixed with a little celluloid solution; the various lengths of 
wire may be stored and given out wound on separate slots cut 
in a length of three-ply wood; this scheme helps to ensure 
that all the wire is returned after the experiment. 

For demonstration work plastic covered wire in different 
colours is ve^y useful. 
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Dutch Metal 

Dutch metal can be cut into pieces suitable for an electroscope 
by pJ^icing it between folds of writing paper^and cutting both 
metal and paper at the* same time. 

Dutch metal should be kegt w^ll wrapped up, especially if 
there is a probability of any fumes being present. 

Electrostatics 

The insulating material, as well as the rubbers used in experi- 
ments on electrostatics, must be dr y. If^ tbe rods are moist 
they cannot be electrified Hence"* ft "is ^visable to place the 
rods, especially glass rods, as well as the silk or fur rubbers, 
in a warm place immediately before use (over the radiitor is a 
suitable place). Care is of course necessary when attempting 
to dry a rod of sealing wax in this manner. 

Glass retains moisture to a greater extent than ebonite, and 
therefore the handle should be of ebonite when choice can be 
exercised in the selection of an insulating material for the handle 
of a conducting rod, etc. Where glass handles are provided, 
they may be coated with a shellac varnish since this does not 
retain moisture to any great extent. 

When determining the dielectric constant of sorhe dielectric 
such as glass or ebonite L means of the plate condenser, it is 
often found that some charge has been retained by the plate 
from some previous experiment. The charge can be dispersed 
by just passing the bunsen flame over the plate momentarily. 
Care must be taken not to allow the flame to remain at one spot 
too long, or the glass, etc. may be cracked. Suit-ible quantities 
are about one and a half dozen vulcanite or ebonite rods, half 
a dozen glass rods and half a dozen blocks ot paraffin wax, 
6 in. X 3 in. X 2 in. 

Experiments in Electricity and Magnetism 

For success in such experiments certain precautions are 
necessary. It has been mentioned previously that the position 
of the physical laboratory should be such that there are no large 
masses of iron in the neighbourhood. Similarly, most of the 
experiments in Magnetism should be conducted ajsrayfrom iron- 
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work of any description, and foi: some it is even advisable to 
temove #atcnes and keys from the experimenter’s pockets. 

Wroi^ connections, short-circuiting, and too strong a current 
may ruin many delicate pieces of apparatus, and thus the teacher 
must make it a general rule, to inspect all apparatus before a 
current is passed. Short-circuiting occasionally occurs when 
the connecting wires are not insulated in places ; hence all such 
wires $hould ^e properly insulated and any covering which has 
been removed replaced. Special binding tape can be purchased. 

The wires shou]d be arranged in a tidy manner. It is usual 
either to twist the wlfA together, or to make a coil of the 
single wire by wrapping it round a pencil which is then removed. 
It should be possible to trace the connection made by any wire 
by a single glance. This of course cannot be done when the wiring 
is done in an untidy manner. All connections should be securely 
made; merely twisting the ends together is not sufficient for 
accurate work. All connections should be as free as possible 
from dirt and grease and should be tightly made. Sand-paper, 
or emery cloth, is very handy for touching up terminals and 
wire ends. 

The contacts in switches, resistance boxes, etc., may be cleaned 
by the use*of carbon tetrachloride or commercial preparations 
containing it. A cloth, dipped in paraffin oil, may also be 
used, especially as a final cleaning. Such a cloth is also useful 
to clean meter bridge and potentiometer wires. 

All the apparatus should be stored in a dry place and kept 
dry, and where there is any unwanted residual charge this should 
be dispersed, (see Electrostatics, p. 77, and Methods of De- 
magnetizing, p. 81). 

Saftty "Pmautions with mains-supply. Any permanent installa- 
-rion or plant, sudh as a charging plant, should be approved by 
the Electricity Board before it is installed. All precautions 
must be taken so that the installation complies with the regula- 
tions of the Institution of Electrical Engineers. 

Safety precautions are of equal importance regarding any 
apparatus which is connected to the mains. All metal parts 
should be earthed. As few portable pieces as possible should 
be kept; iq^tead such apparatus as projectors and lanterns 
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should be fixed permanently (see Safety Precautions in Schools, 
Ministry of Education Pamphlet No. 13, pp. ia-177. 

Hydrometers 

Hydrometers are very us^l instruments for determining 
quickly the specific gravity of a liquid when only a &irly accurate 
value is required. But to obtain a reading, even of moderate 
accuracy, the hydrometer must* be used properl;;; Thtjre is a 
capillary attraction between the stem of the instrument and the 
liquid, and unless this is got rid of, the rg a^g will be a few 
degrees higher than the true value of flie* specific gravity. Hence 
if die stem of the hydrometer is at all greasy, it must be washed 
first with a caustic soda solution and then with wateu Even 
if this is not done, the stem should be wetted with the liquid 
whose specific gravity is to be found. It should then be thrust 
well into the liquid, so that the latter reaches the top mark of 
the instrument, and then allowed to come to rest for some 
seconds before reading it. Two or more readings should be 
taken until two consecutive values agree. 

Three types of hydrometers are in ordinary use — the common 
hydrometer, so graduated that the specific gravity can be read 
immediately, the Twaddell’s Hydrometer, and Baulhd’s Hydro- 
meter. The first is the om generally used in a school laboratory. 
Twaddell’s Hydrometer is much used in commerce, and ad- 
vanced students, at least, should become acquainted with it. The 
zero of the scale is determined by sinking the instrument in 
water at 4® C., and therefore 0° Tw. equals a specific gravity 
of i.o. The top mark, 200® Tw., represents a spe^c gravity of 
2, and the scale is divided into single degrees. 

Hence 1° Tw. represents a specific gravity of i -1- 1/200 
= i-ooj. Degrees Twaddell can therefore be converted- tc- 
specific gravity values by the formula 

5 Tw. 

Spf*cific gravity = i -f x/zoo or i -f- * 

where x° Tw. is the reading of the hydrometer. 

Baumd’s Hydrometer is much used in America and on the 
Continent. It is constructed so that 0° B6. e<jpal$ a specific 
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gravity of i*o. For liquids heaVier than water, the Rational 
Baume’s ^cale is usually employed. The instrument is so 
graduatq;d that when in concentrated sulphuric acid, of specific 
gravity 1*842, thd hydrometer reads 66 ^ Be. The conversion 

144*3 

formula for liquids heavier tnan<«rater is — . 

144-3 - « 

For liquids lighter than water a different scale is used. Zero 

is the -specific 'gravity of a lo per cent, solution of common 

salt, and the specific gravity of water, at 1 5 ° C, is represented 

^ t 146 

as 10° Be. The conveiSiun- factor for such liquids is — 7 , 

136 + « 

where n in both cases is ° Be. 

A nest of Twaddell’s Hydrometers, one or two Baumd’s 
Hydrometers, and one or two Nicholson^s Hydrometers, with 
a deep-bottomed cup, are ample. 


Iron Filings 

Iron filings find their chief use in the physical laboratory in 
the plotting of lines of force. For such a purpose the iron 
filings should be put through a sieve (a piece of wire gauze 
serves) and only the small particles used. 

Permaneiit maps may be made by the use of waxed paper 
(see p. 86). The filings should be placed on the waxed side of 
the paper with the magnets underneath. When the filings have 
taken up their proper positions, a^ bunsen flame is passed over 
the paper. The wax then melts and, on cooling, solidifies with 
the iron filings embedded in it. Such maps are somewhat un- 
tidy, since ths iron filings occasionally rust. In place of the 
waxed paper a piece of photographic paper may be used. As 
before, the iron filings are sprinkled on to the sensitive paper, 
•“dais operation bemg done in a dark place and the paper then 
carried into the sunlight and left there until it attains the proper 
colour. It is fixed in the usual manner, i.e. by means'of a hypo 
solution. 


Lenses 

Lenses are most conveniently stored in an ordinary spectacle 
trial case, as ysed by opticians. There is then little danger of 
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the lenses ‘becoming scratchecl through rubbing against each 
other. Each lens should be given a distinguishing nunfber, which 
may^ be etched on the glass, or written on with Dur^ ink in 
some place not too coifspicuous. An entry may then be made 
in the laboratory log-book o^ the* constants of each lens. 

Care is needed when cleamng a lens that, the surface is not 
scratched, and for ordinary purposes, a soft silk handkerchief 
is perhaps the best ; the cloths supplied by opticia^is for spectacles 
will also serve. Another method is given under Optical Glass. 

Compound lenses are usually cemented^ together by Canada 
balsam, and since this substance is soluble in turpentine, ether, 
benzene and many other organic liquids, such substances should 
not be used to clean the lenses. Naturally a compound lens 
should not be immersed in the liquids named. 

Lenses can be maintained in an upright position, or any other, 
by means of plasticine, and for most school purposes this serves 
instead of the elaborate lens-holders now on the market. 


Magnets 


In order that bar magnets should retain their magnetism, 
they are stored in boxes along with “ keepers.” Each magnet 
IS separated from its neighbour by a small fillet of wood and 
is paired with another i that opposite poles are together. 
Thus the North pole of one is joined to the South pole of another 
by the keeper, which is a small bar of soft iron. A keeper is 
placed at each end of every magnet. If this arrangement cannot 
be carried out, the magnets may be stored end on, with the 
North pole of one magnet touching the South pok of the other. 
Horseshoe magnets are stored with one keeper touching both 
poles. 

Magnets should not be subjected to rough treatment, for this 
destroys the magnetism. Chrome nickel magnets and aluminiuir 


nickel magnets are made in cylindrical shapes as well as in bars 
and mote 

size. Keepers are not necessary for these cyfiridnOTmagl^ 


for if placed together in pairs with opposite poles facing th 
same direction, they will attract each other and so remaij 


together. 
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Triconal magnets exert a very intense magnetic field and have 
many uses*"in the laboratory. They should be stored individually 
and as /ar apart as possible. 

Knitting needles, or pieces of watch sprihg, can be demagnetized 
by heating them to redness jand^ plunging them suddenly into 
cold water. This, besides destroying the magnetism, tempers 
the steel, so making it hard, the condition required for perman- 
ent monetization. 

Demagnetization is, however, most conveniently done by 
using alternating ru rren t. The iron, or steel, is placed in a 
solenoid which is conneeffd through a rheostat of wide range 
to a low voltage transformer. A start is made with a current 
of sevcLil ampires, which is gradually reduced until the alter- 
nating field is negligible ; the demagnetization is then complete. 

Mirrors 

The best mirrors are those silvered on the front surface, since 
then the thickness of the glass need not be taken into account 
during an experiment. Plane mirrors can be made if desired, 
by silvering microscopic slides ; but since such slides have not 
always a level surface, mirrors so made are not suitable for 
accurate w^rk, G>nvex and concave mirrors may be made by 
silvering the front surface of a suitable lens. 

It is useful to mark each mirror with a distinguishing number 
and to enter this number in the laboratory log-book along with 
the focal length of the mirror. 

Large pins — ^blanket pins — may be purchased and are recom- 
mended for the usual experiments on the reflection and refrac- 
tion of light? 

Optical Glass 

Optical glass (iiffers from ordinary glass in that it has been 
rendered as homogeneous as possible during its manufacture. 
This is done by constantly stirring the molten glass. 

Special care is required when cleaning such glass if scratching 
is to be avoided. For ordinary purposes, it is sufficient to wash 
the glass thoroughly in hot water and so^p, using pure Castile 
soap or sodium oleate, and a clean soft cloth or swab of cotton 
wool. The 5oap should then be washed off with methylated 
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spirits and 'the glass rinsed with distilled water. ^If the water 
wets the surface uniformly, the cleaning has been done satis- 
factorily ; if not, the operation must be repeated. The glass 
should then be dried ^th a chamois leather, 'specially kept for 
this purpose, and it must noj be touched by the fingers. 

If the glas^ is in a very dirty condition, it may be washed 
first in the dilute chromic acid solution (see p. 34) followed by 
a solution of potash and then water. Glass should always be 
washed by the latter method before attempting to silver its 
surface. A final washing with a dilute jolution of stannous 
chloride, followed by water, is said^to*make the deposition of 
the silver easier. 

Prisms, lenses and other pieces of optical glass should be 
wrapped in soft paper before they are put away for storage. 
This helps to prevent the surface from getting scratched and 
the edges from being chipped. 

Pendulum Bob 

For all simple experiments a pendulum can be made readily 
by fastening a small piece of lead, or a small ball bearing, to 
a piece of thread by means of sealing wax. Specially cast 
lead bobs with copper shanks may be purchased.* The other 
end of the thread is secure^ :o the end of a rod or other support, 
also by means of sealing wax, with the wax as low as possible 
so that only the thread below the rod vibrates along with the bob. 

One compound pendulum and about 2 dozen pendulum 
bobs is a normal equipment. 

Porous Pots 

Before a porous pot is used in an experiment, or in the fitting 
up of a cell, it should be examined to ensure that it is not cracked. 
This is done by drying the pot in a suitable place and then filling 
it with water. The water diffuses through the pores of the 
cell gradually and the time taken to do this is noted. If the 
pot is cracked, moisture will appear on the outside almost as 
soon as the water is placed within, and the pot is useless. If 
the pot is in good condition, about four minutes should elapse 
before any water diffuses through. 
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Porous pots are apt to crack if stored in a - dry place. 
They should, therefore, be stored completely immersed in 
water. 

Pots which ar^ to be used in cells require special treatment, 
since many solutions, e.g. 2ipc sidphate and certain acids, creep 
up the sides of the pot and oftep crystallize in ^the pores, so 
causing breakage. To prevent this creeping, the pot is usually 
held Y?rticalljf;' upside-down to about half an inch deep in a 
bath of molten paraffin wax. The wax should not be too hot ; 
it must be just ipolten. The wax solidifies on cooling and so 
prevents creeping. 

Rain ^^uges 

A few physics masters have to be responsible for keeping 
an account of the rainfall of the district. Rain gauges should 
be placed in an open space away from any buildings, walls, etc., 
that may interfere with the collection of the water. The gauge 
should be as far away from the foot of the wall as the building 
is high. It should be firmly fixed so that the top is level, and 
emptied once a day unless there has been a particularly heavy 
fall of rain, when it may be emptied immediately. 

c* 

Resistance Boxes 

A dirty resistance box cannot be efficient since the electric 
current will be conducted alon^ the dirt from one piece of 
brass to another. Thus, any film of dirt which does settle on 
the ebonite should be cleaned off with a cloth moistened in 
paraffin oil. ^ To make this cleaning easier, the brass pieces are 
often cut away at the bottom of each plug hole so that a cloth 
may be inserted and pulled to and fro. 

Plugs should not be allowed to become dirty or greasy, and 
must be occasionally wiped with a clean dry cloth. Any method 
of cleaning which takes away metal cannot be employed, since 
the plug must fit tightly. 

The plugs, although not tapped, should be inserted with a 
screwing motion and a slight downward pressure. This en- 
sures a tighter and better contact, and to help to attain this the 
plugs are ma^e conical. The reverse process is necessary when 
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removing a 'plug. Plugs should be loosened when the box is 
stored, to relieve the strain. 

A •difficulty which often arises when resistance boxes arc 
being used is that, in thS act of removing one 'plug others near 
it become loosened and it is^ther necessary to go over the 
plugs to ensure? that all are tight. To avoid these contact diffi- 
culties, resistance boxes for man^ purposes can be replaced by 
single resistances, which are provided with tetAainals. JThese 
single resistances can be purchased in si2es ranging from one 
to ten ohms and are suitable for bri^c 'C^sriments. 

The wires of which the coils are made are sometimes covered 
with paraffin wax, and therefore a large current should not be 
passed through the box or the heat generated may be sufficient 
to melt the wax. 

Smoked Glass 

The smoked glass required for the falling plate experiment, 
etc., can be made by using any heavy hydrocarbon, such as 
turpentine, camphor or benzene. The substance is placed in a 
vessel and set on fire, or a piece of cotton wool may be soaked 
in the liquid and lighted. The glass should be moved about 
in the smoke so that a uniform layer is deposited oil it. In an 
emergency a candle-flame l be used instead of these hydro- 
carbons. 

In place of the glass a piece of stiff paper, e.g, cartridge paper, 
may be employed, and this, after the experiment, may be coated 
widi a layer of paper varnish and then pasted in the student's 
notebook without any fear of the latter becoming soiled. 

Soap Solutions 

Scarlets Recipe for Surface Tension Work . — ^Dissolve 1875 grams 
of sodium oleate in 750 c.c. of distilled water, without warmth^ 
and to it add 250 c.c. of Price's glycerine. Shake the solution 
vigorously and leave it in a dark place for a week to settle, with 
the bottle stoppered. Siphon off the clear liquid (a soap solution 
cannot be filtered) and add one or two drops of strong ammonia 
solution. The solution improves on standing, provided the 
bottle is well stoppered and placed in a dark cupboard. 

S.L.lf. G 
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Soap Solution for Bubbles, etc. — ^This is prepared by the above 
method b^ dissolving 4 grams of Castile soap in 80 c.c. of water 
and adding zo c.C. of glycerine. Such a solution keeps for a 
few weeks. 

Transformers 

Low voltage transformers, mted at about 50 to 100 watts, 
are yvy suitalile for running lamps from the A.C. supply for 
use in ray boxes, galvanometers, etc. A 12-volt transformer 
tapped for 6 volts h suit able for most of the lamps used. The 
transformer should have the casing and one side of the secondary 
earthed. Power points, suitably placed in the laboratory, are 
necessary and should be of the three-pin type with earth 
connections. 

Voltameter Solutions 

Tbe Copper Voltameter . — ^Dissolve 150 grams of copper sulphate 
crystals in a litre of water and to it add gradually 25 c.c. of con- 
centrated sulphuric acid, to prevent the formation of the basic 
salt. About 60 C.C. of alcohol (rectified spirits) may be added, 
since this tends to prevent the formation of secondary products, 
alcohol beihg readily oxidized. This copper sulphate solution 
should not be used in the Daniell Cell and then in the volta- 
meter, for while in the cell it is likely to become contaminated 
with zinc sulphate. ^ 

The copper cathode can be cleaned by fine emery cloth, 
followed by dipping the plate for a moment in dilute caustic 
soda and then in acid. The deposited copper should be washed 
with distilled water, followed by alcohol, and then dried. 

Water Voltameter . — ^The water should be acidified with con- 
centrated sulphuric acid:— about 5 c.c. of acid to every 100 c.c. 
water. 

Waxed Paper 

Waxed paper is very serviceable as an insulator in the prepara- 
tion of condensers and for mapping out magnetic fields with 
iron filings. 

Solid para^n wax is heated in a flat tin over a water-bath 
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and is ready for use just betore it smokes. If yax is heated 
much above its melting-point, it loses some of its* insulating 
properties. White unglazed paper, free £tom holes, is dipped 
into the wax and any\ir bubbles disoersed.* It is then hung 
up until the wax has solidified. 

Wimshurst Machine 

Before attempting any work with this or'shnilar njachines, 
the machine should be cleaned from dust, especially the metallic 
fittings and the insulating supports, a ]gi^(S of soft dry warm 
silk being used. This also dries 'These parts. The brushes 
should be inspected to see that they are touching the plates. 

On starting the machine, the handle -should be tumad slowly 
and the movement of the plates examined ; they should rotate 
in opposite directions. Next the knobs should be placed very 
near each other, but without touching, and the handle turned 
until a spark is produced. If sparks do not appear after a few 
turns, a negatively charged ebonite rod should be held near 
the plate opposite one of the charging brushes and the handle 
turned again. 

One Wimshurst or other electrical machine is sufficient. 



CHAPTER V 


THE' BIOLOGICAL LABORATORY 

I T is -not possible within the compass of this small book to 
deal with the methods of using the various reagents. Most 
text-books, howeveryi^St^tS Jiow this should be done and special 
reference may be made to two books to which the author is 
indebted, namely. Methods of Plafjt Histology, by C. J. Chamberlain, 
The MicMomisPs Vade Mecum, by A. B. Lee, and to 'Elementary 
Microtechnique, by Peacock. 

Unless otherwise stated, an x per cent, solution is made by 
dissolving x grams of the solid in loo c.c. of the solvent named 
and no special directions are necessary. 

Acetic Acid. — For remarks on Glacial Acetic Acid see p. 48. 
A I per cent, solution, which is the strength usually required, 
is prepared by adding i c.c., not i gram, of glacial acetic acid, 
measured by means of a small pipette, to 100 c.c. of water. 

Acid Fuchsin. — A i per cent, solution in water is required. 
A little camphor may be added to this solution if it is necessary 
to preserve it. 

Agar-Agar. — Agar-agar is a gelatinous substance obtained 
from certain algae. It swells considerably when placed in water, 
and in so doj/^g it absorbs about 200 times its own weight of 
the water, the product being a jelly. This jelly, when mixed 
with a nutrient solution, forms a good medium for culture 
work. Agar-agar is purchased in its solid state. 

Alcohol. — Absolute alcohol should be stored in a well- 
stoppered bottle which contains a lump of quicklime, or some 
anhydrous copper sulphate. This alcohol is very hygroscopic ahd 
the quicklime is placed in the bottle to combine with any water 
the dcohol may absorb. 

Absolute alcohol is somewhat expensive, even when bought 
duty free, and CShcrefore Ranvier’s method may be employed to 
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obtain an alcohol which is absolute enough for most school 
purposes. In this method anhydrous copper sulphate, prepared 
by heating powdered jjlue vitriol crystals in |n oven to 210° C, 
is added to rectified spirits and left there for a few days. When 
this copper sulphate has become hydrated, a fresh supply is 
added and the process repeated until the ‘anhydrous sulphate 
is no longer turned blue when added to tht: alcohol. 

Absolute alcohol which has been used onc^ should not be 
replaced in the storage bottle, for it is no longer absolute. 
Instead it should be filtered if neeggsa*^.,*^^. if it has been in 
contact with small spores, and placed in a separate bottle. When 
sufficient has been collected, the specific gravity of it should be 
determined by means of the hydrometer, its strength talculated 
and the alcohol diluted and used for other purposes. 

Industrial methylated spirits (see p. 120) may be used in place 
of ordinary alcohol, except of course where absolute alcohol is 
specified. Many biology teachers purchase 68 o.p. methylated 
spirits which is a 9J per cent, solution. From it solutions of 
other strengths can be prepared, e.g. a 70 per cent, solution, 
the usual preservative, may be made by taking 70 c.c. of the 
spirit and adding to it 25 c.c. of water. More generally stated, 
if an X per cent, alcoho!*'- solution is required, then x c.c. of 
the spirit should be added to (95 — x) c.c. of water. There is, 
however, a considerable shrinkage when alcohol and water arc 
mixed, and hence the requuied volume of each liquid should be 
measured in a separate measuring cylinder. 

Material preserved in 70 per cent, alcohol soon becomes 
brittle. It may be softened before use by placiflg it overnight 
in a solution of alcohol and glycerine, present i . equal propor- 
tions, and leaving it there until next day. 

Acid Alcohol. — ^Acid alcohol, used for removing excess 
s tain, is usually a 70 per cent, solution of alcohol, prepared in t^ 
manner already described, to which is then added 5 drops of pure 
concentrated hydrochloric acid for every too c.c. of the alcohol. 

Aniline Chloride or Sulphate.— An aqueous saturated 
solution of either of these reagents, to which has been added 
the corresponding acid, is used., 
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Bisma^k Brown. — 2 per cent, solution in 70 per cent, 
alcohol of this stain is usually employed. 

Borax Carmine. — Dissolve 4 grams of borax in 100 c.c. of 
water and to it add 3 grams of carmine. Heat the mixture 
gently until all the carmine bas d^solved and then add 100 c.c. 
of 70 per cent, alcohol and filter. If any precipitate forms on 
standing, it shp»^-.ld be filtered off. 

Bouin’s Fluid. — This is prepared by taking 25 c.c. of 40 per 
cent, formalin, 75 c.c. of a saturated aqueous solution of picric 
acid and 5 c.c. of glaaal Acetic acid and mixing them together. 

Canada Balsam. — Canada Balsam is a pale yellow, viscous, 
resinouSh substance, soluble in benzene, toluene and xylene 
(xylol). For biological work the solid is usually dissolved in 
xylol, and generally a solution in this reagent is purchased. 
It is best stoppered in a capped bottle such as may be purchased 
from most of the dealers ; such a bottle prevents excessive 
evaporation. Occasionally the solution is too thin for some 
particular work, and when this is the case, the stopper of the 
bottle may be left out, so allowing some of the xylol to evaporate. 
When this is done, the bottle must be placed in such a place 
that contaniuiation through fumes and dust in the atmosphere 
is avoided. If the balsam is too thick, it may be thinned by 
the addition of more xylol. 

Xylol and water are non-miscib^e and tnus, wnen a drop ot 
water is added to xylol, a cloudy solution results. It is because 
of this that all material has to be thoroughly dehydrated before 
being mounts m Canada Balsam. 

A suitable dehydrating agent is Cellosolve (ethylene glycol 
monethyl ether) which can be obtained from the biological dealers. 
It is miscible with water, alcohol and xylene. As well as a 
better and a more efficient drying agent than alcohol, it is 
biuch quicker in action and does not cause as much shrinkage. 

Chloral Hydrate. — ^A 16 per cent, aqueous solution’ is 
required. For many purposes it is necessary to dissolve iodine 
in this reagent. 

Chrom-Acetic Acid. — The two reagents, chromic acid and 
acetic acid, are ttsed in various proportions for different purposes. 
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and hence it is convenient to prepaie stock solu^ons of eacn 
and mix them in the requited proportions for eactf particular 
experiment. One of these stock solutions contains ip grams 
of chromic acid crystals per litre; the othef is a i per cent, 
solution of acetic acid. (Chj;*»mic acid crystals are very hygro- 
scopic and hence require careful storage.) In addition to these 
two stock solutions, a bottle of glacial acetic acid is required. 

For most purposes a i per cent, solution il**jsed an^ this is 
prepared by adding i c.c. of glacial acetic acid to loo c.c. of 
the I per cent, chromic acid solution, ^hen a solution con- 
taining less than i per cent, of acetic acid is required, the i per cent, 
acetic acid solution is used in its preparation. Obviously the 
supply of chromic acid solution required is much greater than 
Aat of acetic acid. 

Cobalt Paper. — Cobalt papers may be prepared by soaking 
filter papers in an approximately 5 per cent, solution of cobalt 
chloride, after which they are dried until blue. They should 
be stored in a well-stoppered bottle, or in a desiccator, and, if 
necessary, dried just before use. 

Corrosive Sublimate. — See Mercuric Chloride, p. 93. 

Cuprammonium Sulphate. — This is prepared by adding 
ammonium hydroxide to solution of copper sulphate tmtil the 
precipitate which at first forms is just re-dissolved. A deep 
blue solution should result. This is best prepared when it is 
required, but it may be stof^d for a short time in a dark bottle. 

Delafleld’s Haematoxylin. — solution of this hsematoxylin 
takes a considerable time to prepare, and the sq^ence-master is 
advised to purchase it ready made. Its constituents are haema- 
toxylin, absolute alcohol, ammonium alum, glycerin and methyl 
alcohol. The substance improves on keeping in a well-stoppered, 
bottle, and, if necessary, it may be diluted with distilled water. 

Eau de Javelle. — This name is applied to a solution Of 
potassium hypochlorite, which may be made from bleaching 
powder and potassium carbonate, ao grams of the bleaching 
powder are ground with water in the mortar to the consistency 
of cream and the solution made up to 100 c.c. with water. 
Ap|>roximately 25 grams of potassium carbonute are dissolved 
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in loo C.C. o^ water and some 8o c.c. of this added to the previous 
solution, Vhich is then filtered. More of the potassium carbon- 
ate solution is added^ drop by drop, ^ to the filtrate until no 
precipitate of calaum carbonate is formed on its addition. The 
solution is filtered and stored in a dark bottle in a cool place. 

Eosin. — A I | 5 er cent, solution, either in water or in 70 
per cent, alco^^ is required. ^ The alcoholic solution is used 
when tile material to be stained has been taken from alcohol. 
Fehling’s Solution.— See p. 55 

Formalin. — ^Formaiim's the trade-name for a 40 per cent, 
solution of formaldehyde, and its chief use in biology is for 
preservation purposes. An x per cent, solution is made by 
taking x c.c. of the formalin and diluting it to 100 c.c. with 
water. It should be noted that this is an x per cent, solution 6f 
formalin and not of formaldehyde, the actual amount of the latter 
present being] of course two-fifths of x. 

A solution of formaldehyde decomposes on standing, with 
the formation of formic acid ; but since formic acid is not 
detrimental to the preservation of many organisms, it is not 
always necessary to remove it. It may, however, be neutrali2ed 
by the addidon of a little sodium bicarbonate. Some people 
prefer to distil the solution after such an addition ; others keep 
the bicarbonate in a small bag placed in the formalin. 

Formaldehyde gives off a vapour which attacks the eyes and 
should be handled with care ; any Vessel containing it should be 
perfectly sealed, owing to the volatile nature of the substance. 
Plants preserved in it do not retain their green colour ; indeed, 
other vegetable colours are affected by this substance. 

Formalin Alcohol. — ^This may be used as a preservative 
and is prepared by adding from 2 to 6 c.c. of formalin to 100 c.c. 
of 70 per cent, alcohol. 

Gentian Violet. — A i per cent, solution in water is used. 
A i per cent, solution in 20 per cent, alcohol, to which have 
been added a few drops of aniline oil, may be substituted. 

Glycerin Jelly (see p. 56). — There are many varieties of 
glycerin jelly on the market and all of them contain, besides 
glycerin, somen gelatine ; many of them contain in addition 
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egg albumen, chloroform or carbolic acid. Thete is little to 
choose between the different varieties. 

Dilute Glycerin. — iThis solution is prepared by ' mixing 
equal parts of water and glycerin and adding a small crystsd of 
thymol to prevent the growtlf "of mbulds. A trace of corrosive 
sublimate or*of carbolic acid may be used instead. 

Gold Size. — Gold size should be stored well-stoppered 
bottle, with a small camel-hair brush in the cork. It 'may be 
thinded with turpentine, and if the mixture is too thin, some of 
the turpentine should be allowed to^eviiporate. 

Iodine. — dilute solution of iodine is prepared by dissolving 
about 6 grams of potassium iodide in loo c.c. of watered then 
adding to it approximately i gram of iodine. The solution 
may be diluted with water. 

Iodine Green. — A i per cent, solution in 70 per cent, 
alcohol is usually used. 

Lime Water.— See p. 53. 

Mercuric Chloride (see also p. 57). — ^Mercuric chloride is 
not very soluble in water and a i per cent, solution is used as 
an antiseptic, while a saturated aqueous solution Js used as a 
fixative. Mercuric chloride reacts with metals ; hence metallic 
instruments, needles, scalpels, may not be placed in it ; wooden 
scalpels or needles must be employed instead. 

Methyl Green. — A i p^r cent, aqueous solution may be 
used, or a I per cent, solution in a i per cent, acetic acid solution. 

Methylene Blue. — A i per cent, aqueous s^ution can be 
used as a vital stain. For living tissues the stain should be 
made up in saline solutions. 

Millon’s Reagent. — Millon^s reagent is prepared by dissolv- - 
ing mercury in its own weight of cold concentrated nitric add 
(specific gravity 1-42). This should be done in the fiimc 
cupboard, and then an equal volume of water added. If a 
predpitate forms on standing, it should be filtered off. Millon’s 
reagent contains mercurous and mercuric nitrates (and probably 
some free nitrous and nitric add). It is usually purchased 
ready-made. 
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Oil of Cloves. — Oil of cloves darkens with age and also 
on exposure to air and light. It should, therefore, be stored in 
a dark,- well-stoppered bottle. 

Osmic Acid. — Osmic acid is a very expensive substance and 
is sold in sealed glass tubes. A very dilute solution only is 
used, generally i per cent., and it is usually mosc conveniently 
purchased ready-tnade. It should be stored in a well-stoppered 
dark bottle an<^e well protected from dust and organic matter, 
osmic acid gives off a vapour which attacks the eyes and should 
therefore be used' caujtioysly. 

Osmosis, Solutions for. — Suitable solutions for demon- 
strating osmosis may be prepared by dissolving either 50 grams 
of comfiion salt, or 150 grams of cane-sugar, in a litre of water. 

Paraffin Wax. — Two varieties of wax are required — a soft 
wax with a melting-point between 42® and 46° C. and a hard 
wax with a melting-point of approximately 54° C. The variety 
required should be specified when ordering. The wax should 
be melted in a paraffin oven, or on a water-bath, and heated 
until it just begins to smoke. If the containing vessel on the 
watch glass is smeared with glycerin before the addition of the 
wax, the latter will slide off easily when solidified. 

If the wax is to be used for embedding it is advisable to filter 
it at a temperature just above the melting-point. 

Phloroglucin. — A 5 per cent, aqueous solution or a 5 per cent, 
solution in 70 per cent, alcohol is dommonly used. This should 
be acidified with hydrochloric acid. When purchased, this 
reagent is generally without the acid. 

Picric Acid. — ^Picric acid is highly explosive when dry, but 
is harmless when moist. The solid should therefore be kept 
damp during sto/age. A i per cent, solution in water, or in 
70 per cent, alcohol, is used. 

Piero Carmine. — ^A i per cent, aqueous solution should be 
purchased. 

Potassium Hydroxide (see p. 60). — Solutions of different 
strengths are required and are prepared by dissolving the requisite 
amount of the solid in water. 

Pyrogallati of Potash. — Dissolve 5 grams of pyrogallic 



THE BIOLOGIC^#. LABORATORY py 

acid (‘* pyro ”) in loo c.c. of water. In another# loo c.c. of 
water dissolve 25 grams of potassium hydroxide, iftix equal 
volumes of the two soljitions immediately before use. 

Safranln. — i per cent, solution in 50 per cent, alcohol is 
required. 

Saline Solution (or normal saline). — A 75 per cent, solution 
of sodium chloride is usually ujfed. 

Schultze’s Solution. — This may be prepared by dissolvi^lg 
30 grams of 2inc chloride in 14 c.c. of diistill|d water and then 
adding 5 grams of potassium iodide.* When "this is dissolved 
I gram of iodine is added. The solution should be kept in a 
dark-coloured bottle. 

Sudan III. — This stain is best purchased from the dealers. 

Water Culture Solution. — A suitable solution for water 
culture work may be prepared by dissolving in i litre of distilled 
water i gram of potassium nitrate, 0*5 gram of sodium chloride, 
0*5 gram of magnesium sulphate, and 0*5 gram of calcium 
litrate. To this is added cither a rusty nail, or one or two drops 
)f a ferric chloride solution. 

THE CARE AND CLEANLINESS OF 
APPARATUS 

The Aquarium. — The suj^ject of aquaria is too large a one 
to be discussed here, for unless very great care is taken, there is 
likely to be much cruelty and rmsmanagement. Hence any 
teacher who intends keeping animals in captivit]^ should first 
of all make himself thoroughly acquainted with their habits by 
reading some such books as TAe Book of Aquarium by Bateman 
and Bennet ; freshwater Aquarium by Bateman ; Furneaux’s 
hife in Ponds and Streams^ or Samuel's Amateur Aquarium. 
Bateman's book on The Vivarium may also be of interest. 

Cover-Qlasses. — Cover-glasses are made of three thicknesses 
and for most school work the No. 2 grade is most satisfactory. 
It may be mentioned that the object-glass of the microscope 
is made for use with a thin cover-glass, and that for high-power 
work the thinner the cover-glass the better. ^Although the 
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thicker glasses are cheaper per ounce, there are more of the 
thinner ones to the ounce and therefore there is little difference 
in the price of each cover-glass. 

The teacher’s chief care is to prevent breakages, which usually 
arise through careless storage, and to have the dirty glasses 
cleaned. The latter may be done by leaving them overnight 
in the chromic ^cid solution (see p. 34), next soaking them in 
distilled water and afterwards. washing them in alcohol. They 
IFiay be stored in acid alcohol in a wide-necked stoppered bottle. 
If they are to be ot«red <iry, they should be polished by nibbing 
them on a piece of chamois leather. 

The School Garden. — Detailed information on the forma- 
tion and management of school gardens is to be found in the 
Board of Education Pamphlet No. 41 {Report on 'Botanical 
Gardens^ by L. J. Clarke), price is. from H.M. Stationery Office. 

Glass Slips. — Glass slips are made of a standard size, i.e. 
3 in. by i in., and are approximately i to ij mm. thick. 

It is usually advisable to clean new slips by means of a paste 
of prepared chalk and water, after which they should be placed 
in water, allowed to drain dry and finally polished with a cloth. 
Slides which have been used may be treated similarly and, if 
necessary, they should be rubbed with a cloth moistened with 
xylol, or with alcohol, before the above treatment. 

Canada balsam and other mountants can be removed from 
old slides by boiling them in concentrated nitric acid (or in 
aqua regia). This operation should be conducted in a fume 
cupboard. ^The slides must then be washed free from acid 
and finally dried and polished as above. 

The Herbari^um. — One of the main scientific reasons why 
flowers and plants were first collected and preserved in herbaria 
was that specimens growing in foreign parts, etc., could be 
brought to the laboratory for identification. Herbaria were not 
intended to be used in a systematic study of plants, for obviously 
a dried plant differs very much from a living one. Besides, the 
study of the environment is frequently a great help. Therefore 
the chief reason in encouraging a student to form a herbarium 
is not so much that he will have at hand a supply of plants 
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from which 'he can study botany, but that the forjnation ot a 
herbarium gratifies the ** collecting instinct ” and ofterf leads to 
further study. Moreover, the endeavour to name a plant often 
involves a close examin^on of it, and thus, Vhenever a her- 
barium is being formed, the s^denf. should be made to name 
every plant himself, using a Flora. The educational value is 
lost when the teacher is at hand to name every plant the student 
brings. All he has to do is to ensure that the"'' classification is 
done properly. Mere mechanical collection must be seriouslji 
discouraged and the destruction of too man^ plants prohibited. 
Moreover, a school herbarium should contain the commoner 
plants rather than the rarer ones. 

There is a certain amount of skill required in collecting plants 
for preservation. It is not enough to collect the flower only, 
but the fruit, leaves, and often the root, must also be gathered, 
especially when there is some characteristic feature of any of 
these parts. Occasionally it is possible to coflcct a stem bearing 
both flower and seeds, but more often the seeds have to be 
collected from a different specimen, often at a different time. 
When this is so, it is advisable to choose a stem bearing leaves 
as well as the fruit, to avoid mistakes in identification. The 
date, locality, and the environment of the plant shOuld be re- 
corded at the time of colkwtion and the plants placed in a 
vasculum, or in a tin box, or wrapped in waxed paper. 

The first process in preservation consists in drying and pressing 
the plant. The latter should be arranged so as to show the 
most characteristic features and placed between sheets of bibulous 
paper specially purchased for this purpose. Magy kinds of 
white blotting paper are unsuitable, since they contain some of 
the bleaching agent used during the manufacture of the paper, 
which affects the specimen. About four sheets of this paper 
should be used and the whole placed between two boards, 6n 
which weights may be placed. At first only a gentle pressure 
is needed, but as the plant becomes dry, the pressure should be 
increased. The quicker the drying the better, and hence the 
drying press should be placed in a current of air in a warm place. 
To ensure this quickness in drying, a wire frame may be used 
in place of the boards to support^ the bibulous paf>er and plant. 
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This framCj is constructed somewhat after the manner of a 
trousers 'press, i.e. it has screws whereby pressure may be exerted. 
The wire frame is also hung in a warm place. 

When the plant has dried, it shofJd be brushed on both 
sides with a dilute solution of^^ercuric chloride (J gram per 
100 c.c. of methylated spirit). This will prevent the growth of 
fungi, etc., and jhe plant is then ready for mounting. 

Fairjy large mounting sheets should be chosen, e,g. demy size, 
nftad, since cartridge paper attracts moisture, some other kind of 
paper should be v^d, e.g. ordinary drawing paper or, of course, 
the paper sold specially for this purpose. There are many ways 
of fastening the specimen to the paper ; for example, the plant 
may b^ glued fast to the paper. But in all cases where gum or 
glue is used, care must be taken that the adhesive has been 
treated to prevent the growth of moulds. Many of the dealers 
sell a specially prepared glue for this purpose, or one may be 
prepared by mixing equal quantities of gum arabic and traga- 
canth, to which has been added a little mercuric chloride. Other 
ways of fixing the plant to the paper may be mentioned, e,g. 
ordinary stitching with thread, the use of gummed strips of 
paper, or the use of strong slips of paper inserted in holes and 
fastened td’ the back of the mount. Often it is necessary to use 
more than one of these methods ; for example, thick stems are 
best secured by stitches, or by gumming the whole length of 
the stem; leaves with a waxy surface need stitching through 
the centre ; small petals are firmly secured by a drop of gum, 
and so on. 

Seeds, sipall fruits, as well as a section of the root, may be 
preserved in small envelopes fastened to one corner of the sheet. 
A supply of fruits and seeds should also be collected and pre- 
served for class use. As a teaching aid different types of fruits 
can be mounted on cards to illustrate different methods of 
dispersal. These cards should be protected from dust and 
damage by a cellophane covering. Some of the roots are much 
too bulky to be placed in the ordinary herbarium; in that 
case a separate collection of roots may be made and indexed, 
so that reference is easy. 

Each sheet^hould be labelled, the right-hand bottom comer 
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being usually reserved for this purpose. The }abel should 
include the name of the plant, its species, where founU and the 
date (with, possibly, its number in the London Gitalogue). The 
appearance of the sheet*is much enhanced if proper labels are 
used; these can be obtained /rom.moft of the dealers. Any 
special point of interest in the specimen should be noted on the 
sheet, possibly by means of a small diagram indicating the 
feature concerned. 

The sheets should then be arranged in some systematic ordMr 
The ^phabetical order of the name of each/i^ral order seems 
the simplest, for then a person with a Tittle knowledge of botany 
can see if a sheet is out of place. Finally, the herbarium should 
be stored in a large drawer containing a modern insecticide or 
a few balls of naphthalene to prevent insect attack. The 
naphthalene will require renewing periodically. 

Membranes, Semi-Permeable. — It is very difficult to 
prepare a satisfactory artificial semi-permeable membrane suitable 
for demonstrating osmotic pressure effects. The most suitable, 
however, is a copper ferrocyanide film deposited in the pores 
of a porous pot. This substance is produced when copper 
sulphate and potassium ferrocyanide react together quantitatively, 
thus : 

2 CuS 045 H ,0 + K4Fe(CN),3H,0 
499 416 

= Cu,Fe(CN), -h K,S04 + 3H,0. 

A porous pot is filled with a 0*25 per cent, solution of copper 
sulphate crystals and placed immediately into a solution of 
potassium ferrocyanide of corresponding strength'^/.#. 0*21 per 
cent.). Since only one pot in half a dozen or so turns out to 
be satisfactory, it is best to prepare about sk at a time. 

Special parchment membranes can be purchased which answer 
very well when stretched over the head of a thistle funnel, and 
these sheets should be stored in a i per cent, solution of formalin. 
Alternatively, a dried pig’s bladder may be used. 

Microphotographs. — ^Photographs of microscope mounts can 
be made by removing the lenses from a simple hand-stand camera 
(preferably one having double extension bellows^ and fitting it 
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against the ej/epiece of a microscope. The microscope is placed 
with its lens system in a horizontal position and the image is 
focused on to the ground glass screen. A microscope lamp 
may be used for illumination. Process* plates must be used and 
it is suggested that they ^re of^*the panchromatic type. 

Microprojectof. — For work with the lowet forms, and 
indeed for a grea^: deal of work with upper forms as well, the 
microptojector is much to be preferred to the microscope. It 
tables the teacher to demonstrate to the whole ckfs at once. 
It eliminates what** Vould.be a waste of time whilst pupils await 
their turn during a demonstration with a microscope. It 
enables the teacher to be sure that the pupils see the right objects. 

The ’best possible instrument should be purchased and its 
accessories should include live cells so that small living animals, 
such as hydra, can be studied on the screen. 

The Microscope. — A good substantial instrument, fitted 
with a rack and pinion mechanism for the coarse adjustment, 
and also with a fine adjustment, should be chosen. This type 
is much better for school work than one of the sliding tube 
pattern ; for the use of the latter often results in smashing 
the cover-glass and slide and in damaging the object-glass. It 
is not necessary to purchase a large number of eyepieces (oculars), 
or object-glasses ; two of each will be required, namely, a z-in. 
and a i-in. eyepiece, and a ^in. and |-in. object-glass. 

The term §-in. represents the tocal length of the combined 
lenses in the object-glass, and to obtain the best definition, the 
object should be approximately at this distance from the object- 
glass and as near the centre of the field as possible. These 
object-glasses should be inserted on a dust-proof revolving 
nosepiece. Object-glasses, especially high-power ones, require 
every care ; for example, they should not be allowed to come 
into hard contact with the cover-glass. This often damages 
cither the lens itself, or the small metallic mount which projects 
a little beyond the lens. Perhaps the best method of avoiding 
this is to focus upwards ; that is, the object-glass is placed at 
a distance a little less than its focal length, i.e. $-in. or |-in., 
and the tube pis raised upwards, using the coarse adjustment 
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until the object is almost in focus, if the movement is carriea 
too far it is often wiser, especially for boys, to starts all over 
again rather than to focus down even a fraction of an inch. 

The lenses, eyepieces, ife well as object-glasse9, should be kept, 
when not in use, in metallic d^st-proof cases. The glass itself 
should never be touched with the Angers, since this leaves a 
trace of grease, or of moisture. Small specks of dust often 
settle on the eyepiece, and their presence there can be (^etected 
by revolving the eyepiece in the draw tube. If the dust is Qgu 
the eyepiece, it will, of course, revolve with but if it does 
not revolve, then it may be on the co'fer-glass or on the object- 
glass (the former should be inspected first). The dust may be 
removed and the lens polished by using an old silk handk|rchief ; 
if any dirt or oil still adheres, it may be removed, first by the 
use of a filter paper dipped in xylol, and then by the piece of 
silk. The dusting should at all times be done very gently, 
for the surface of the lens may be easily scratched. It should 
rarely be necessary to unscrew the systems of lenses, for the 
dust, etc., is nearly always on the outer surface. Indeed, the 
lenses composing the object-glass should not be unscrewed 
except by a skilled person, for the slightest alteration in their 
relative positions will render the combination useless. If it is 
ever necessary for the object-glass to be dismantled, it is best 
to allow the makers to do this. 

The microscope body should be jointed so that the instrument 
can be used in an inclined position as often as possible. For 
when it is used vertically, die observer has to take up an unusual 
and uncomfortable position. It is therefore necessary to have 
a stage clip fitted to prevent the glass from slipping off the 
stage. The microscope should be lifted by the base or pillar 
and not by any other part. When it is nothin use, it should 
be kept covered in its wooden case, or under a canvas cover, 
or under a bell-jar. It is advisable to make a student re-* 
sponsible for a particular microscope. 

Ruled Eyepiece. — ruled eyepiece is a cheap device which 
helps considerably in drawing, especially in getting each part 
in proper proportion. It is fixed in the centre of the eyepiece 
tube by unscrewing the top lens of the eyepiec% and lowering 
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ruled glass on to the stop, which will be found about half- 
way down the tube. When the lens is replaced, the lines on 
the ruled glass should be in focus. If they are not, the top 
lens should be unscrewed a little until focus is obtained. 

Turntable. — ^Although the Carntable is not much used in 
school work, it is a useful little instrument for placing a ring 
of cement round a cover-glass- To do this the slip is fastened 
to the'^table by the spring clip, and a camel-hair brush, which 
lias been dipped into the cementing solution, is held against 
the slip near th^’*'uover-glass. As the slip is revolved, a ring 
of cement is deposited around the slip. 

Watch Glasses. — In addition to the usual supply of cheap 
watch glasses, a few pairs of ground glasses should be obtained. 
These glasses are ground so that they will fit tightly together 
when secured by a clip and so will prevent evaporation from 
taking place when a volatile stain is placed within. 

THE STORAGE OF MATERIAL 

Botanical Material. — Many forms of plant life can be pre- 
served dry®; for example, the brown and red seaweeds, many 
types of fungi (especially the woody types), most mosses and 
liverworts, ripened cones, seeds and mature fruit, lycopods and 
equisetum. The method of drying naturally depends on the 
specimen, for while most may be dried by placing them on un- 
bleached absorbent paper and applying a few weights (see 
Herbarium, p. 96), others, e.g. ripened cones and woody fungi, 
may be left to dry naturally. Some of the plants adhere to the 
drying paper, e,g. the seaweeds, but the majority of the specimens 
are placed in water for a few days before use so that they can 
expand and resume a more normal condition, and this paper 
t can be then removed. 

Some systematic plan may be adopted, e.g. the smaller speci- 
mens may be stored in labelled envelopes arranged alphabetically, 
while the larger may be kept between large sheets of paper 
somewhat after the fashion of the herbarium. 

A consideijable amount of the material will, however, have 
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to be presecved in some liquid. Material tequire<^ for general 
morphological study, e.g. woody stems, may be placed when 
freshly gathered in 93 jJer cent, alcohol for a few days and then 
transferred to 70 per tent, alcohol for permanent storage. 
Material so preserved soon b^omes brittle ; hence it should 
be soaked for ,a day or so before use in a mixture of alcohol and 
glycerin in equal proportions. Large fleshy fungi, marchantia 
and other liverworts beating gdtnmae cups, fliay be stored in 
4 per cent, formalin or in formalin alcohol (see p. 92). Youjjg^ 
and iilunature cones of both sexes may be presejyed in 70 per cent, 
alcohol. 

Museum specimens are preserved in a similar manner. It is 
often useful to ciisplay the specimens on a sheet of nuca and 
then to place the mica in the alcohol, when it becomes almost 
invisible. For example, the various stages of germination can 
be exhibited by stitching seedlings at different stages &st to 
the mica. 

Zoological Material. — The reference collection of animals 
is as important to the zoologist as is the herbarium to the botanist. 
Apart from the requirements for class work of special types of 
animals for detailed study, the collection of animals in the field 
helps to provide a broader interest in the animal kingdom. 

Ail animals must be kille*! before preservation and killed in 
such a manner that as little structural alteration as possible occurs 
at the moment of death. It is obvious that they should be 
preserved so that the tissues ifndergo as little change as possible 
on keeping. 

Seventy per cent, alcohol is the usual preservative, but since 
4 per cent, formalin is cheaper it is frequently used. But it 
must be noted that some material which has been preserved in 
formalin becomes more difficult to stain than wlien it is preserved 
in alcohol. Thus, generally speaking, material which is to be 
used for histological work is best preserved in 70 per cent.* 
alcohol. 

Owing to acidity, due to the formation of formic acid (see 
p. 92), formalin is not a suitable preservative for molluscs 
and crustaceans and it is not desirable for most fish, amphibians 
and reptiles. It is good enough, however, fo% echinoderms. 



1^4 the biological laboratory 

( 

Before preservation takes place, it is often necessary to remove 
certain p&rts, e.g. the soft body contents of the larger Crustacea, 
crabs and lobsters. It is also advisable" to dry the exoskeleton 
on a warm iron" plate. 

Protozoa may be killed and ^jxed by the addition of a few 
drops of a I per cent, osmic acid solution to a watch glass full 
of water, after w^ch the dead animals should be removed to 
water Xo wash out excess of osmic acid. 

'^Hydra may be killed, in an extended state, by placing them 
in a bath of w^ec. and heating the latter a little. 

Sea anemones must be narcotized first by sprinkling a few 
crystals of menthol on the surface of the water containing the 
animal^ When narcotization is complete, the animal should be 
transferred to a lo per cent, solution of formalin and later stored 
in 4 per cent, formalin. Magnesium sulphate may also be usdd 
as the narcotic. 

The earthworm can usually be found in moist soil rich in 
humus, e.g. in moist woodlands, in leaf-mould and underneath 
compost heaps. It can also be obtained by watering a lawn 
profusely at dusk ; it then comes to the surface and can be 
collected a few hours later. 

Worms should be killed in 70 per cent, alcohol and preserved 
in 2 per cent, formalin. If they are to be used immediately an 
immersion in boiling water is a suitable method of killing them. 

The fresh- water mussel may be killed by covering it with water 
and then heating it slowly to 40° C. If it is killed by chloroform, 
contraction of the foot occurs and the viscera are displaced. 

Garden spalls and slugs are best found at night. Snails can be 
killed and preserved in the expanded state by drowning them. 
They should be placed in a large, stoppered bottle which is full 
to the neck witn freshly prepared distilled water (Le. water 
containing no dissolved air). They are left there overnight. A 
' 2 per cent, solution of formalin should bd used to preserve them. 

Water snails, such as Umneae stagnaliSy should be taken from 
the water plants growing in ponds and streams during the 
summer. They are killed in the expanded state by narcotizing 
with magnesium sulphate or with menthol. They should be 
preserved in r per cent, formalin. 
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The starfish is best purchased preserved. Small (fustacea may 
be fixed by corrosive sublimate or by picric acid ; larger forms 
can be killed by immersion, for a short time, in hot water. 

Many of the larger insects, such as Lepidoptera, can be caught 
with the aid of a net. Anot]^er good me^od, which can be 
used for bees, is to have a wide-necked battle, fitted with a 
stopper, to trap the insects. Insects caught by this method are 
not damaged ; they frequently *are when caught in a jfiet. 

The blowfly is best obtained by breeding it. This is donejiy, 
placing meat waste in a jar and exposing it tj^lie open air for a 
few days in fine weather. Once the ^gs are^d the jar should 
be closed with a fine muslin or a perforated cover. The maggots 
hatch out in seven to ten days ; the pupae are obtained a few 
days later. 

A general method of killing insects is by means of the cyanide 
bottle. This is made by mixing a litde potassium cyanide with 
plaster of Paris and placing a a-in. layer of it in a bottle. But 
other methods are needed for certain insects. 

Caterpillars and chrysalids, blowfly maggots and pupae, can 
be killed with alcohol or by the boiling water method. To 
ensure that the mouth parts are extended, the honey bee should 
be killed with acetone. Small insects, such as the ^nat, should 
be killed in 70 per cent, alccliol. Arthropods are best preserved 
in 70 per cent, alcohol.' 

Small fish are killed by immersion in boiling water, or by using 
spirit. Amphibians, reptilest birds and mammals are all killed 
with chloroform. Vertebrate animals are preserved in 4 per cent, 
formalin. 

Skeletons and skulls may be obtained by cutting otf as much 
flesh as possible ; the brain is removed by using a piece of wire 
and frequendy washing it out with water. ^The bones should 
then be immersed in water until all the flesh can be removed 
by the use of a small brush (a tooth-brush is excellent for this 
purpose). They should then be scrubbed with a stiff paste of 
chloride of lime, bleached with hydrogen peroxide, and finally 
(if a mounted skeleton is required) wired together. 



CHAPTER VI 


-THF NATURE CALENDAR 

T HEj nature calendar is one of the most valuable adjuncts to 
teaching. If it is carefully compiled it will serve for many 
years with mino^];:,^lterations annually. Its use in drawing up 
syllabuses at the beginning of the school year is obvious and its 
value is enhanced if the exact localities are given where the 
relatively scarce species may be found. 

It is not possible, of course, to make a single calendar which 
will be suitable for all parts of England, owing to the variation 
in dimate, environment and so forth. But it has been suggested 
that the one compiled for Lincoln may be useful as a basis from 
which others may be compiled. 

JANUARY 

Animals — ^Wild animals are mostly in their winter quarters : 
bats reappear towards end of month. Note the footprints of the 
otter, badger, voles and other non-hibernators in the snow or 
soft mud. 

Insects. — The early moths usuUly appear : winter pupae of 
butterflies and moths may be foimd.' Observations can be made 
of insects that appear in warm spells, e.g. the small tortoiseshell, 
the red adnfiral and the peacock butterflies. Observations can 
also be made, in the street lamps and near the windows of 
lighted rooms, of the small winter moths. 

Birds. — ^Note the song of the mistle-thrush and the song- 
«thrush. Watch pools and lakes for ducks, grebes and herons. 
Distinguish brambling from chafHnch, common gull from black- 
headed gxill, golden plover from green plover associating in 
woods and fields. Examine the structure of old nests which 
can be easily seen in bare trees. 

Plants. — Sqme flowering plants occur all the year round, e.g. 
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groundsel, shepherd’s purse : others, such as deadn^ttle and held 
speedwell, may be seen this month. The characterlstv flowers 
of January are the wirfter aconite and snowdrop. 

Mosses. — Several species are in fruit. 

FEBRUARY 

Note the movements of certain animals wliich emerge from 
winter quarters, e.g, bats in warm evenings, frogs, and other^ 
reptiles. 

Frogs, toads and newts begin to move to Spawning sites. 

Insects. — ^As in January. Other early moths appearing are 
the pale brindled beauty, spring usher, dotted Border, quaker, 
herald, etc. Pupae may be discovered in the ground under the 
oak, poplar, willow, lime (not chestnut) and also among deposits 
of decayed leaves. 

Molluscs. — Snails begin to be on the move. 

Birds. — Early nesting birds should be observed, e.g. the 
blackbird, thrush, mistle-thrush and rook. Winter migrants are 
preparing to depart (see March Calendar). 

Certain birds are commencing song, e.g. blue dt, chaffinch, 
golden-crested wren. Wood pigeons are beginning to coo. 

Plants. — ^Note in particular that the flower of the coltsfoot 
appears before the leaves. Look for butterbur, winter helio- 
trope, dog’s mercury, celandine and flowers of elm, hazel, alder 
and sallow willow trees. 

Liverworts. — Spore capsules of pellia appear. 

Lichens. — Look on branches, walls and tiles Of houses for 
yellow or orange-coloured plyscia parietina. 

Pond Life. — Becomes of interest and man^ species of aquatic 
larvae may be seen. Many forms of microscopic animals may 
be obtained from ponds and ditches. 

MARCH 

Mammn l-Sr — (Most mammals are now on the move in the open, 
e.g. hares, rabbits, stoats and weasels, badger, fox, otter, hedge- 
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hog, squirrel, rats, voles, mice, shrews and bats. Moles begin 
to mate. < Lambs are born. 

Reptiles, etc. — Grass snake, adder^ blindworm, common 
and sand lizards • appear. Frogs are spawning. 

Insects. — Many species^re now on the wing and the flowers 
of the sallow should be watched as they attract* many moths. 
Other insects appear, e.g. queen wasps, bees and earwigs. 

Molluscs. — ^Various species of slugs and snails are to be seen 
m-iwarm moist positions under stones, on tree stems,, feeding on 
vegetation. Th^^quatic species are to be seen in ponds and 
ditches. 

Birds. — Departure of winter migrants and appearance of first 
spring n4igrants. Among those departing are fieldfare, redwing, 
brambling and snowbuntings. Among the incoming birds are 
wheatear and chiff-chaff, and the date, wind and weather in con- 
nection with their arrival should be noted. 

Rooks, crows, blackbirds and thrushes are nesting. 

Plants. — Note : Male and female flowers of sallows are on 
separate plants ; hazel catkin and insignificant female flower are 
on same plant ; separate flowers are on plants of the coniferous 
group : fir, pine, yew, etc. ; blackthorn or sloe has conspicuous 
white flowers before leaves. 

Several trees are coming into bloom : birch, alder, poplar and 
beech. 

Wood anemones appear in woodlands. 

APRIL 

Animals. — ^In the haunts of the animals considerable activity 
is taking place in n^ating and also in the birth of young. Squirrels 
are building their nests. 

Tadpoles. — These should be observed as they develop into 
frogs, and the dates of the definite changes noted. 

Insects. — The large and small white butterflies are on the 
wing in warm weather. Look also for orange-tip, small copper 
and holly-blue. The caterpillars of tiger, drinker, eggar and 
many of the smaller moths are to be found. 
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Birds.— -The summer migration is in full swing with the 
coming of the nightingale, blackcap, swallow and hoifee martin. 
(Do not confuse the two last-named birds ; they may be dis- 
tinguished by the white ftimp and shorter tail of the house martin. 
The nests of the house martin f re see;p under the eaves or gutters 
and on the outside of houses. The swallow makes its nest inside 
the building.) Other migrants are the whitethroat, red-start, 
sedge-warbler, reed-warbler, corncrake, turtle-dove, swift and 
cuckoo. First fledgelings of thrushes, blackbirds and robing 
appeir. Nesting is in full swing ; obseji;^ the differences 
between juveniles and adults. 

Note the situations of nests ; the coloration of eggs as a means 
of protection ; the materials used in the structure of |he nest, 
but do not remove any eggs. 

Plants. — Many trees are in flower : birch, alder, poplar and 
beech. Note that the flowers of the butterbur appear before 
the leaves. Look for violet, wood-sorrel, primrose, cowslip, 
speedwell, stitchwort and charlock. 

MAY 

Animals. — The most interesting feature is the observation of 
the young of many species of animals. 

Insects. — Those of chief interest are the following moths : 
poplar, lime, elephant and privet. Many butterflies are on the 
wing, e,g, early fritillaries, jjeath ard small copper. The cock- 
chafer beetle swarm. 

Crustaceans. — Centipedes and millipedes as wAl as isopods 
(wood lice) are plentiful. (They may be preserved in methylated 
spirits.) 

Spiders. — Many species are in evidence. Note the various 
forms of snares ^webs). The wolf spiders leap on to their prey 
and may be seen running about on old palings and wooden 
structures. " 

Chelifers. — ^These small scorpion-like creatures may be found 
under stones and loose bark, etc. Note that they run backwards. 
Molluscs. — Swan mussels are on the move# in ponds and 
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streams, as well as other aquatic species. Note paludina, limnaea, 
planorbis.* 

Birds. — Most species are nesting. Continue the notes sug- 
gested for April, "together with observations on the protection 
and rearing of the young.^ 

The harsh screedi of the swifts is much in evidence. Try to 
recognize all bird&^y their songs. Listen near woods for the 
“ churr ’** of the nightjar — a late migrant. 

Fond Life. — ^AU sorts of microscopic life may b§ found in 
ponds and ditchesf^g. amqeba, vorticella, heliozoa (the gorgeous 
sun animalcules) and hosts of others. Other forms of pond life 
are : diatoms and other fresh-water algae, the larvae of many 
gnats and mosquitoes and the larger forms such as dragonfly 
and aquatic beetles. 

Ferns. — ^Mosses, liverworts, fungi are now to be found in 
all suitable localities. 


JUNE 

Sand lizards may be seen on the warm heath-lands, running 
in the sunshine, and also gliding among the herbage are the 
snake, addcir, blindworm (so-caUed). 

Tadpoles are developing into frogs and in warm places have 
already left the water. 

Insects. — Much work can be done searching for the eggs and 
caterpillars of many moths. Thuf the glistening green egg of 
the poplar moth may be found on the underside of poplar leaves ; 
that of the curious puss-moth as little red eggs on upper side of 
poplar and <wllow leaves ; and the larvae of the buff-tip moth 
on the willow and oak. 

Dragonflies, M£y flies and all insects are much in evidence. 

Birds. — ^Birds are ceasing to sing and are losing the plumage 
of the breeding-season. Black-headed gulls have hatched their 
eggs and some will soon leave the inland water for the coast. 
Many remain inland to feed. 

Plants. — ^Marsh orchis may be found in damp places, the 
spotted orchis and the butterfly orchis in woodlwds, and the 
bee orchis on^ chalk hills. 
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(Method* of pollination by bees should be noted. Note also 
the curious structure of the Arum to secure fertilkdrion.) 

This month is rich in species and the flora should be identified 
and recorded with notes on the rock-formation An which it grows. 

Fungi. — Giant puff-balls, tlfc stinkhorn and horse mushroom 
appear. 

JULY 

M£inimnls. — ^Note the nesting of harvest^.ouse among the 
corn. Bats are producing their young. Observe the pipistrelle, 
the noctule and the long-eared bat — they are common. 

Reptiles. — Sand lizards are producing their youyg (tiny 
metallic greeny-blue immature lizards), so also are the adders. 
Snakes are depositing eggs in humid places, e.g. dung heaps, etc. 

Insects. — These are in great numbers and all the orders are 
well represented. 

Grasshoppers should be particularly noted as little is known 
of the species occurring locally. 

Plants. — This is the month of bright coloured summer flowers 
and careful search will produce a list of some two hundred species. 
Grasses, rushes, sedges an'^ ferns are now at their best. 

THE SUMMER HOLIDAYS 

The holiday month ma^ give an opportunity to study the 
shore-life, e.g. the terns, sandpipers, oyster-catchers and waders 
generally, various species of gulls, curlews, etc. On the salt 
marshes may be seen plovers. 

Search may be made for swimming and shore crabs, starfish 
and sea-urchins (in the pools and at high-water mark). Marine 
molluscs are all of the mud dwelling forms and the dead shdls 
of other species are cast up. Zoophytes, etc., are often called 
sea weeds but ate colonies of small animals and ate as common 
as the seaweeds proper. Flowers of the salt marsh and sand- 
dvmes are in evidence, e.g, thrift, sea lavender, sea rocket, glass 
wort (often called samphire), stag horn plantain, sea buckthorn, 
sea holly, sea wormwood, starwort and many others. 
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AUGUST 

Insects. — This is a period when larvae may be found in 
numbers — most ojf the species are now /veil grown. The hawk 
moth larvae with the curious spine on the near segment will be 
found on the poplar, lime,^^illo^, c^tc., and the puss moth cater- 
pillars, of fierce dppearance and curious colouring with two 
tail-like processes, 'may be found on similar trees. The larvae 
of the deadi’s head hawk moth often turn up among the foliage 
of 'potatoes. 

The elephant hrf^k larva is found feeding on water bedstraw 
that grows at the edge of the drains. The caterpillars of the 
many geometer moths are to be seen in numerous places and 
whole tf/ees of oak may be seen denuded of their foliage by the 
tiny latvae of the green oak moth. Butterflies are much in 
evidence, e.g. the beautiful fritillaries, hair streaks, blues, wall, 
ringlet and white butterflies (members of a second brood). 
Comparison should be made with the earlier brood of white 
butterflies regarding the wing-markings. Larvae of the tortoise- 
shell, peacock, and red admiral butterflies will be found in 
clusters on the common nettle. 

A curiouf little object crawling on the leaves of rose trees is 
the larva of the Lady-bird : it is metallic blue with tiny spots 
and it feeds on the green-fly. 

The rose cutting bee should be noticed sawing off ovals to 
line and partition its nest in some hollow stem. 

The dragonflies continue to emerge and the climbing of the 
nymph up the stem of a reed may be seen. (An hour’s watching 
will see the bursting forth of the insect and the gradual develop- 
ment of the wings of a perfect insect.) 

Birds. — Swiftsf’and old cuckoos depart, rooks go to winter 
quarters, nightingales depart and sand martins congregate. 

SEPTEMBER 

Mammals. — ^Watch the changing habits of the hibernating 
species, preparing for winter sleep, etc. 

Molluscs.-f-All land and fresh-water snails may be sought ; 
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note the great variation of colour and band markings of the shefls 
of the common hedge-row snail. 

Spiders. — Most of *the species appear now and they may be 
preserved in methylated spirits. Young spidels ate hatching in 
numbers. Note the “ gossanfcr,” /.«. the long strand of web 
with its tiny «pider carried in the air by the breeze, for long 
distances. 

Chelifers. — Should be searched for (as May). 

Birds.-»-The departure of the summer visitors is the dliief 
feature of the month. Subdued song.is resufficd by many birds. 
Willow warbler and chilFchalf may be heard as they journey 
south. 

Plants. — The chief interest of plant life is the seeding\)f many 
plants and the fruiting of those that bear the succulent forms and 
also the bright coloured berries. It is now that observations can 
be made regarding seed dispersal and the forms of seed vessels. 

Mosses and Liverworts. — These are now at their best for 
observation and collection. A curious small liverwort that looks 
much like duckweed may be seen on the surface of shady ponds. 
It is Ricciocarpus natans. 

Fungi. — This is the month for the most conspicdous species. 
The bright coloured Argari-s are to be seen in the woodlands 
with many other of the large forms. 

Pond Life. — This is vejy active. Hydra, Cyclops, Rolifers, 
Paramecium, Volvox, and hosts of tiny organisms may be found, 
besides many of the larger denizens of pond and stream. 

OCTOBER 

Insects. — Moths are very numerous orT warm evenings. 
Beetles, too, are numerous under stones, wood and fallen leaves. 
Butterflies are scarce and the hibernating forms are sheltering 
for the winter. Many larvae hibernate as the food becomes 
scarce and the weather cold. 

Birds. — The month of great movement of birds, e.g. the 
coming of winter visitors such as brambling, fieldfiite, redwing, 
waxwing, crossbill, snowbunting, hooded crow,«etc. ; lapwings 
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flying inland in flocks ; geese and ducks moving to inland 
waters inMiore sheltered situations ; and great flocks of starlings. 

Plants. — ^Ivy, devil*s-bit scabious, mullein in bloom. The 
leaves of the deciduous trees are being shed. 

Fungi. — All species apjpear irf still greater numbers than last 
month on decaying animal and vegetable matter. 

NOVEMBER 

Mammals. — Voles, mice and shrews are now in v/inter 
quarters ; the he^ehog is roiled up in masses of fallen leaves. 
All species are much more retiring. Bats have gone to bams, 
out-houses, and into towers and church spires. 

Reptilia. — ^These have gone into winter quarters. 

Birds. — Strong flights of lapwings (peewits) appear sometimes, 
continuing through the night in thousands. Rooks, larks, 
redwings, fieldfares, starlings, blackbirds, swans, geese and ducks 
are on the move. Note communal roosts of rooks, daws and 
starlings. Watch marsh and mere for snipe, duck and passing 
waders. 

Insects. — ^Many of the night flying moths are still on the 
wing in sheltered woodland and also some geometers such as 
the scarce umber, mottled umber and November moth. 

DECEMj^ER 

There is now a good opportunity CfF studying the buds on trees 
and shrubs, and their adaptation for protection against the 
rigours of Vinter. Little can be added to the work of November 
and January. In mild weather, pupae may be searched for in 
the ground near Vrees under leaves and loose bark. 

Many insects and snails may be found under fallen logs in 
,the woodland. 

COMMON LOCAL FLOWERS IN BLOOM 

I. Spring (April, May, June) 

Anemone, Ipsser celandine, buttercup, wood crowfoot, water 
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buttercup, marsh marigold, wallflower, water cress, g^lic, nWta^d, 
charlock, violets, pansy, ragged robin, stitchworts, mouse ear 
chickweeds, red campion, wood sorrel, common vetch, bush 
vetch, broom, sloe, chSrry, wild strawberry,* hawthorn, apple, 
pear, water star-wort, bryony jjieath bed-straw,'woodruff, mouse- 
ear hawkwe^d, dandelion, thistle, ^roundsd, daisy, bulberry, 
speedwells, white deadnettle, ground ivy,^scorpion grass, red 
deadnettle, butterwort, primrosfi, cowslip, sorrel, sheeps’ sorrel, 
orchids, broad-leaved garlic, wild hyacinth, lily of the v^ey, 
arum, C^iadian pond-weed, water planta^, common sedge, 
slender foxtail, meadow foxtail, annifal meadow grass, perennial 
rye grass, sycamore, hedge maple, holly, ash, elm, beech, oak, 
birch, willow, pine. 

7 . Summer (July, August, September) 

Spearworts, monkshood, white water lily, yellow water lily, 
poppy, night flowering catchfly, marshmallow, meadow geranium, 
rest-harrow, clovers, hop trefoil, bird’s foot trefoil, bramble, wild 
rose, meadow sweet, avens, creeping cinquefoil, tormentil, 
enchanter’s nightshade, mare’s tail, water mil-foil, water starwort, 
water purslane, bryony, stone crop, sundew, hemlock, water 
dropwort, cow parsley, hedge parsley, chervil, lioneysuckle, 
cleavers, scabious, goat’s beard, hawk-bit, hawk’s-beard, hawks- 
weed, bur-marigold, golden rod, ragwort, daisy, yarrow, cross- 
leaved heath, bill heather, ling, bird’s nest, privet, convolvulus, 
bitter-sweet mullein, foxglovi, monkey flower, thyme, wild basil, 
sage, self-heal, forget-me-n3t, scorpion grass, plantains, saltwort, 
knot grass, common dock, water dock, hop, bird’s nest orchid, 
frog bit, various grasses, wild oat, common reecf, lime, holly, 
Spanish chestnut. 

3 . Autumn (October, November) 

Clematis, spearwort, monkshood, pansy, rest harrow, cloveni, 
meadow vetch, creeping cinquefoil, bryony, water dropwort, 
honeysuckle, teasel, devil’s-bit scabious, autumnal hawk-bit, 
hawksweed, dandelion, sage, plantain, thistles, bur-marigold, 
golden rod, nettle leaved bell flower, bell heather, ling, speed- 
wells. mullein, foxelove. deadnettle. saee. water mint, elass wort. 
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knotgrass, dock, hop, nettles, slendet foxtail, annual meadow, 
grass. 

4. Winter (December, January, February, March) 

Shepherd’s purse, daisy, annua|,meadow grass, duckweed, ivy, 
daisy, winter acopite, sfiowdrop, lesser celandine, coltsfoot, 
hazel, crocus. 



CHAPTER VII 


THE PUI^CHASE OF APPARATUS AND MATERIAL 

M ethods of purchase vary in different schools. In 
some, the senior science master makes out, sig*ns and 
dispatches die order ; in others he does this through his Head- 
master ; in others, again, he orders his requirements through the 
Local Education Authority. But in nearly every case he is 
allowed to spend up to a certain fixed maximum, and he should 
therefore keep an account of what he has ordered and the aJnount 
of money spent. 

The actual method of purchasing is usually the same, no matter 
who finally completes the purchase. Hence the master in charge 
should have at hand the catalogues of the various dealers and 
manufacturers. A very convenient plan is to have posted in a 
convenient place in the laboratory a sheet of paper on which he, 
or anyone else, can make a note of anything of which he notices 
there is a shortage. When actually making out the order, he 
should compare the value for money ” offered by each firm. 
The term “ value for money ” is used deliberately, since in many 
cases it is dear to buy in the cheapest market. This applies 
especially to glassware (see 122). Some masters prefer to 
submit their wants to three'^jr four firms and to get estimates. 
This sometimes results in “ price-cutting ” to the advantage of 
the purchaser, especially when a particular firm hapj^ens to have 
some cheap line it wishes to dispose of. But it should be made 
perfectly clear what grade of apparatus is rec](liired and who is 
to pay for the carriage, for this latter amount is often larger than 
the difference in prices of the tenders submitted. Every firm^ 
pays the carriage one way, provided the order is large enough, 
while the purchaser pays for that of the empty crate, packing, 
etc. Hence one or two large purchases a year are preferable to 
spasmodic buying, while a large order to one firm is better than 
several small ones to many firms. Which firm ij chosen often 
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depeiids, anjiongst other things, on the fact that a particular piece 
of apparatus is required and this is sold by one firm only. 

Most firms are very punctual in dispatching goods. Those 
masters who reqioire apparatus at once Cnd who have to purchase 
through the Local Education Authority, etc., will find that a 
letter sent to the firm, at^he same time as the requisition is sent 
to the Authority,^ will hasten matters. Then the vendors will 
have the goods ready for dispatch on receipt of the proper order. 

When the goods arrive, the master, or school porter, should 
sign the carrier’s sheet “ not examined.” The articles sent must 
be checked with^the invoice enclosed and any breakages noted. 
Few, if any, firms will replace or make any allowance for break- 
ages. The carriers are responsible for these, and therefore any 
claim hiust be sent to them within three days of receipt. The 
vendors should also be notified, since many of them will recover 
damages from the carriers on the master’s behalf. 

All “ empties,” including the packing and even the straw, are 
charged for, and should be returned in a good condition, when 
credit will be given for them. 

The Purchase of Chemicals 

Most ofithe chemicals can be bought from one of the large 
manufacturing firms, or from the local chemist. It must be 
pointed out that, when the latter method is adopted, the chemist 
usually purchases from one of the manufacturers, for he rarely 
carries a stock large enough to supply a school laboratory. It 
is thus often possible to save tfe middleman’s ” profit by 
purchasing direct. 

Chemical are divided into three classes according to their 
degree of purity — commercial, pure, and puriss (J.e. purissimus). 
Which variety is^ purchased naturally depends on the chemical 
and the use for which it is purchased. 

, Certain substances, such as those used in analysis, must be of 
the highest degree of purity possible. At one time users had 
to rely on the reputation of the manufacturers that the substance 
was of high purity ; or alternatively do an analysis of it. Early 
in the 1914-18 war the Institute of Chemists and the Society of 
Public Analysts drew up specifications of purity. Substances 
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manufactured in accordance with these speahcations were known 
by the letters " A.R.,” meaning analytical reagents. There was, 
however, no method oJ enforcing these spe^cations. 

About 1914 the British Brug Houses, Ltd., and>Messrs. Hopkin 
and Williams, Ltd., jointly undfttook to produce substances of 
a high standard of purity and chose the* word “ Analar ” as the 
new designation which would replace the^ use of “A.R.” 
Analar is a registered trade-marlsT and is the joint property of 
the two firms. Users of “ Analar ” chemicals can feel satisfactipn 
and reassurance in the knowledge that the st^dards of purity 
are definite and precise, and that all chemicals issued under this 
designation are guaranteed by the two firms to conform to those 
standards. 

Acids and certain inflammable liquids present some diAculty, 
owing to the regulations of the railway companies. The carriage 
rate is very high, owing to the special precautions that have to 
be taken in transit, and it is therefore much cheaper to buy a 
large quantity at a time. Of course, when the chemicals are sent 
by road, this difficulty frequently does not occur. It is often very 
convenient to buy such substances from the local chemist, who 
orders them in bulk and can afford to keep a larger stock than 
a school laboratory would. He is thus in a position,* if he is so 
disposed, to give the master ^ome of the benefit accruing from 
large purchases. Indeed, it is always advisable to buy some 
supplies from one of the local chemists because there occasionally 
arises a time when some partidilar substance is required at once, 
and naturally the chemist will do his best to oblige a regular 
customer. 

Most of the containers, bottles, etc., are charged tor, and often 
at exorbitant rates. Therefore, on receiving supplies, the master 
should check the account with the bottles and see that the 
amount at which the bottle is charged is clearly marked on thb 
bottle, as well as the vendor’s name. Empty bottles should be • 
returned at convenient times and credit for them claimed. It 
is not necessary to purchase many substances in bottles ; but 
since most vendors supply bottles unless otherwise ordered, the 
master should state clearly on his order form the substances for 
which he does not require bottles., 



120 THp PURCHASE OF A^ARATUS AND MATERIAL 

Purchase of Alcohol 

Most Schools purchase thdr alcohol in the form of methylated 
spirits of which there are four important^inds : industrial, toilet, 
pyridinized and mineralized. School laboratories require indus- 
trial methylated spirits. 

This is a mixture containing 95 per cent, by volume of ethyl 
alcohol and 5 per ^ent. by volume of methyl alcohol. The usual 
strengdis' which are sold and their alcohol contents by volume, 
as' well as their specific gravities, are : 


Strength 

Per cent, 
of Alcohol 

Specific 

overproof). 

by volume. 

Gravity. 

61 O.p. 

91-84 

0-8275 

64 O.p. 

93-55 

0*8214 

66 o.p. 

94-68 

0*8171 

68 o.p. 

95-82 

0*8126 

74 o.p. 

99-24 

0*7974 


The above table shows that 74 overproof industrial methylated 
spirits for all practical purposes may be regarded as absolute 
alcohol and schools are recommended to purchase spirits of this 
strength. 

Industrial methylated spirits is more suitable than any of the 
other kinds which are not pure.’^ Toilet spirit is the 
industrial kind mixed with a denaturant. Pyridinized spirits ” 
is industrial spirits to which has f^een added a small quantity of 
crude pyridine ; “ mineralized spirits ” is like industrial spirits 
except it contains a larger proportion of methyl alcohol as well 
as small amounts of mineral naphtha, pyridine and a violet 
dye. 

The industrial spirits can be bought only by approved persons, 
who must have received beforehand the authority of the Com- 
' missioners of Customs and Excise to use it. Teachers in science 
schools may become “ approved persons,” but usually the Head- 
master is the person authorized. Not less than five gallons at 
a time can be purchased. 

Amongst other conditions the following apply particularly to 
teachers. The spirits must be used solely for the purpose 
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sanctioned and in the state in which it is received. \lt muif not 
be sold, recovered or redistilled. Moreover, the Jlevenue 
Officers have the right ©f free access to the room in which it is 
stored and used ; they hj^ve to satisfy themselves that the spirits 
are kept under lock and key in^the control of some responsible 
person. A fojm stating the amount ujed per annum has to be 
sent to the Revenue Officer each year (ending March 31st); 
hence the master should keep an account of the amount and date 
of the purchase. 

Requisition Forms, on which the order rnust be made, are 
supplied free of cost by the local Customs and Excise Officer, 
to whom application must be made for a book, containing about 
twelve of such forms. The form, when completed, must be sent 
by the purchaser direct to the Methylator. 

The Methylating Co., Ltd., Abbey House, Baker St., London, 
N.W.i, willingly supply schools. The firm has branches in 
different parts of the country and schools will find it convenient 
to deal with the one situated nearest to them. 

On receipt of the drum containing the spirit, the permit, which 
is usually attached to the label, must be secured and pinned to 
the appropriate counterfoil ready for the Revenue Officer, who 
generally calls for it within a few weeks of the purchase. 

This alcohol is good enough to use in such organic prepara- 
tions as ethyl hydrogen sulphate, ethyl chloride, chloroform, 
etc., as well as for preserving specimens for biological work. 

The Purchase of Biological Material 

For the teaching of Elementary Botany and Nature Study very 
little material will be purchased. Part of the studehts’ training 
consists in collecting and bringing to school such specimens as 
are required, and usually the school syllabus^will be based on 
the plants, etc., found in the locality of the school. Moreover, 
if there is a school garden (see p. 96), supplies can be growi] 
there, while many specimens can be obtained from the aquarium, 
or some neighbouring pond. Even in large towns, excursions 
can be made into the surrounding country, or specimens and 
facilities for study obtained upon application to the municipal 
or park authorities. 
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Fpw schools, however, are situated so that all types of plants 
and aniyials are available, especially for the advanced students. 
Hence purchase has to be made from»» firms who specialize in 
supplying schools. Examples of the Various plant associations, 
microscopic preparations, materials for histology and so forth 
can be obtained from s^ch firms, some of whiclj also specialize 
in supplying wee^y boxes of specimens for lessons based on 
their own or any other syllabus. 

Marine plants and animals may be obtained from one of the 
biological station^. Often a local fishmonger will supply fish, 
crabs, pigeons, rabbits, eic. These, with the exception of fish, 
should be obtained alive and killed by the teacher. It is usually 
necessary to give a few days’ notice when fish are required, 
othervfise the fish may be sent with all the contents of the body 
cavity missing. If there is any difficulty in obtaining any speci- 
mens, application may be made to one of the University 
Laboratories. 

The Purchase of Glassware 

Every laboratory requires an adequate supply of glass vessels, 
and unless great care is exercised, much money will be wasted, 
for, of all articles used, glass is the most variable in quality. No 
apology is necessary, therefore, for the somewhat detailed account 
given below. 

At one time German and Austrian manufacturers held the 
monopoly in the supply of laborrftory glassware. Indeed, there 
were few British firms that specialised in such articles. This was 
chiefly due to the British manufacturers concentrating on flint 
glass and having their furnaces adapted for melting a lead glass. 
The Continental firms, however, adapted their furnaces for a 
lime-soda-aluminliun glass, which is much superior for chemical 
work. During the 1914-18 war, at the request of the Govern- 
,ment, the British firms turned their attention to the production 
of laboratory glassware and were under very great difficulties 
through lack of knowledge, materials and skilled workmen. 
Naturally, the glassware produced at first was by no means 
perfect, and hence British glass was held in some suspicion. 
After much r^earch, the quality was improved to such an extent 
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that to-day British glassware ij ^ ^ jrand. 

But, with the typically British characteristic, our main^facturers 
do not shout their war«s from the house-tops ; hence the belief 
still exists in many qu^ftters that German gljiss is a superior 
article. It is necessary to disjyl this belief, which has now no 
foundation, ajid science masters ma)^eel sure that they can 
purchase British goods even on other tha^^ patriotic grounds. 

A satisfactory glass for labojatory purposes should possess 
three qualities. It must be resistant to chemical action, to sudden 
and extrenle changes of temperature and be mechanically strong. 
These qualities seem to be best developed in a glass containing 
some of the following constituents, about 74 per cent, of silica 
and the oxides of sodium, potassium, boron, aluminium, calcium 
and zinc. 

It will be seen from a study of these constituents that rfo glass- 
ware is free from attack by caustic alkalies, or by water under 
pressure. There is a limit over which such an attack becomes 
dangerous, and the successful manufacturer has to choose his 
materials and quantities with care, depending on what particular 
characteristic of the glass he desires to lay stress. It may perhaps 
be not without interest to describe the manner by which glassware 
is examined for these characteristics. 

Tests on Glassware 

Samples of most of the reliable varieties of glassware manu- 
factured in England are subirRtted to tests of the following nature, 
carried out by some independent body, such as the National 
Physical Laboratory, or by the Department of Glass Technology, 
Sheffield University. The tests are usually applidH to beakers 
and flasks and are made to investigate the thermal endurance of 
the glass, its mechanical strength and the action on it of water 
and chemical substances. 

The thermal endurance test is made by placing paraffin w^ 
in a number of beakers, etc., and heating them until the wax has 
melted and attained some definite temperature. The vessel, 
whilst still at this high temperature, is immediately plunged into 
water at 15° C. or 20'' C. This process is repeated by heating 
the wax to a higher temperature until all the beakers under test 
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have^ brokert or cracked, i ne average temperature at which 
cracking stakes place is a measure of the thermal endurance of 
that glass. 

The mechanical strength obviously depends to a great extent 
on the thickness of the walls of fhe vessel. A comparative test 
is made by dropping spf^men flasks, etc., from a, known height 
on a board so thaj*the bottom falls squarely. The height at 
which the vessel is dropped "when breakage occurs gives an 
indication of its mechanical strength. 

^ater, under pressure especially, dissolves some o\ the 'alkali 
from the glass, and a test* is made to discover the amount dis- 
solved. The vessel is partly filled with distilled water and heated 
for a few hours, under a pressure of four atmospheres, in an auto- 
clave. Special precautions have to be taken to protect from 
splashing, etc. At the end of this experiment, the amount of 
sodium oxide extracted per unit area, as well as the weight of 
soluble matter removed from a definite area, is calculated. These 
results serve for comparison when tests arc made, under similar 
conditions, on different varieties of glass. The action on the 
glass of hydrochloric acid, sodium hydroxide, ammonium 
hydroxide and ammonium chloride is also investigated. In each 
case the vessel is filled with a certain volume of the reagent of 
known strength and heated for a definite period. Finally, the 
amount of solid removed from a definite area, e.g, from one square 
decimetre, is determined. 

Silica Ware 

Many pieces of physical and chemical apparatus which were 
formerly mafie of glass are now being manufactured from vitreous 
silica, made by fusing ordinary silica electrically, and which 
contains over 99 Jier cent, silicon dioxide. 

It is manufactured in two varieties — a transparent variety, 
Vhich is transparent to light and ultra-violet rays, and the 
translucent variety, which is opaque and quite suitable for 
ordinary laboratory purposes. 

Silica has a low coefficient of expansion, 0 000000 5 4, i.e. one- 
seventeenth that of glass, and largely because of this property, 
vessels made o^t may be subjected to rapid and extreme changes 



THE PURCHASE OF API|IRATUS AND MATERIAL 1 25 

of temperature with safety. Indeed, such a vessel \:an be heated 
to a red heat, and, while it is still in the flame, cpld water 
dropped on to it without any breakage and without the material 
suffering. This is of cf)urse due to that part which is cooled 
contracting so very little that 410 anoreciable strain is set up in 
the material. 

On prolonged heating, at very high tef^peratures, there is a 
change in its physical properties* and the vitreous silica^becomes 
devitrified and hence loses its mechanical strength. But in'systi- 
gations carried out at the National PhysicaJ Laboratory show 
that this does not take place under rioo° C., which is therefore 
a safe working temperature. 

Silica has a high melting-point, and so may be used for retorts, 
muffles, combustion tubes, pyrometers, etc. It is quite fnsoluble 
in water (glass is not), and is unaffected by nitric, sulpfiuric, or 
hydrochloric acids, or by a mixture of these acids at any tempera- 
ture or concentration. Of the acids, hydrofluoric and glacial 
phosphoric alone have any action on it. The former attacks 
it to one-tenth the amount it attacks glass ; concvmtrated phos- 
phoric acid attacks it seriously over 400° C., but only slightly 
from 220° C. upwards. It is affected, however, by alkaline 
solutions and certain metallic oxides at high temperatures, 
glasses being formed. J'herefore such subsi'c.nces should not be 
heated in silica vessels unless kept out of contact by means of 
asbestos. 

The advantages of such adware are many. Since there is no 
danger of breakage owing t8 unequal beating, work can proceed 
rapidly ; there is no necessity, for example, to wait for the vessel 
to cool before adding a cold solution to it. Neither is there 
the danger of a beaker or crucible being broken through careless 
or over-heating, and so the fear of spoiling a*few days' work by 
careless heating is removed. 

Silica ware is considerably dearer than glass, but there ase 
occasions when initial economy in the purchase of glassware, 
etc., is a false saving. Some of this silica apparatus is almost 
indestructible, and it may be economical in the long run 
to purchase at the outset certain pieces of apparatus made of 
silica. 
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Gracluated Glassware ^ 


For mcfet school laboratory purposes, graduated glassware of 
“ School Quality ” is sufficiently accurate, except perhaps for 
advanced work. "Even for such work ordinary apparatus will 
serve after it has been calibrated^ Most books on quantitative 
analysis describe method^ of calibration, and this exercise is not 
beyond the capabilities of the average sixth-form student. 
Generally it will be found that, by a judicious selection from 
the School Quality apparatus, vessels requiring little alteration 
can be chosen. B^t the master himself should have for his" own 
private use an accurately calibrated set, including a burette, 
pipettes, flasks, specific gravity bottles, etc. In England this 
calibratipn is carried out at the National Physical Laboratory, 
and vessels which have passed the required tests are marked 


NE A** 

accordingly. Thus those of Class A accuracy are etched ’, 

this being a monogram of the initials N.P.L. together with the 
letter A and the year the vessel was tested. Formerly vessels 


B 

which passed Class B tests were etched , ’ 

Class A vessels possess the highest accuracy, and along with 
them is issued, when desired, a certificate stating the results of 
the tests applied and bearing a registration number which is also 
etched on the vessel. 

Class B vessels were intended to possess only “ Commercial 
Accuracy ” ; but Class B tests were discontinued in 1949. 
The standard of accuracy is indicated by the following examples : 


100 ml. flasks, Class A ± o-o6 ml.. Class B o*i ml. 
1,000 ml. flaskS;^ „ ± o-z ml., „ ± 0-4 ml. 

20 ml. pipettes, „ ± o-oz ml, „ ± 0-05 ml. 

100 ml. cylinders, „ ± 0-4 ml., „ ± o-S ml. 

In addition, Class A vessels must fulfil other requirements, e.g. 
pipettes must deliver the solution in a certain time, the delivery 
jet of the burette must be of a certain type, and where necessary, 


^ See Tjf/x on Volumetric Glassware, N.P.L. Pamphlet. 
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the vessel must be distinctly marked, e.g. a flipette iparked 

50 ml. 

D. i5®C. is one which delivers (hence D) 50 mi. of wafer 

(30+ 1 5) sec., 

at 15° C. in thirty seconds and requires fifteen seconds to drain 
finally. (If the pipette wereimeant to contain this amount, the 
vessel would be marked C instead ( 3 S^D,) 

The following additional information be of interest. The 
position of the meniscus is read, in the case of water,, when the 
lowest point of it coincides with the mark ; in the case of mercury, 
whdn the upper surface coincides with the myk. When a pipette 
is being graduated, it is filled to the graduation mark and clamped 
in a vertical position. The adhering drop is removed by bringing 
it into contact with water. The pipette is then inclined so that 
the jet touches the side of the vessel, and is allowed* to drain 
for fifteen seconds while still in this position. The last drop is 
removed when the pipette is withdrawn from the side of the 
vessel. Since a pipette is graduated in this fashion, it must, 
therefore, always be used in a like manner. 

Vessels tested by the National Physical Laboratory are expen- 
sive owing to the cost of testing. 

In addition, the workmanship has to be of a superior quality ; 
otherwise, the vessel is rejected on that account alone. 

General Remarks on Glassware 

From the foregoing it is perhaps obvious that cheap, unbranded 
glassware should not be piftchased. It may cost half as much 
as the branded though it frequently does not, but it certainly 
does not last twice as long, and this after all is the true test of 
cheapness. 

In a large laboratory, much money is expendea on ccst-tubes 
and it is perhaps necqSsary to state a few of*the characteri§tics a 
good test-tube should have. It must be capable of standing a 
fair amount of heat without cracking, it must be sufficiency 
strong not to crush when held in the hands or in the holder, and 
at the same time must be cheap enough so that it can be thrown 
away after certain experiments. Cheap tubes possess only the 
latter characteristic. The worst purchase the author remembers 
making was one of ten gross of test-tubes at Gd, per gross. 
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TRese tubes, (Serman in origin, lasted much less than half the time 
lasted by the next purchase of tubes at about los, ^d, a gross. They 
often broke in the fingers, many of them developed “ spiral 
trouble ” even before being used, and scarcely one of them 
remained intact at the mouth the* first time the students placed 
them upside-down in tlje' rack to drain. 

Porcelain Ware 

The raw materials of porcelain are clay, silica and base bear- 
ing minerals. Aft;cr burning and subsequent cooling, these 
materials yield a hard porcelain, which is chemically a hetero- 
geneous mixture of a crystalline form of aluminium silicate, called 
sillimanite, silica and basic oxides of aluminium and potassium. 

Porcelain for laboratory purposes should fulfil two require- 
ments ; it must not be porous and must have great resistance tc 
fracture on heating to high temperatures. This latter property 
is closely associated with the efficiency of the formation of 
sillimanite, and this is the problem which confronts the makers. 
Porcelain is made non-porous by the addition of a glaze, and it 
is essential that this glaze should expand at an equal rate with 
the body of the vessel. Moreover, the glaze must not soften 
between 1050° C. and 1100° C. and it must be impermeable to 
gases up to 1350° C. 

The following tests, furnished by the Worcester Royal Porce- 
lain Company on methods of testing a high-grade chemical 
porcelain, are interesting. 

How to Test a High-grade Chemical Porcelain 

Test i. A small crucible or a glazed fragment of a larger 
vessel is held in a bunsen flame until the greater part of it 
is red hot. It is immediately dropped into a solution of eosin 
or iodoeosin, and after removal and cleaning, examined. 

This test gives evidence as to the approximation to equality 
of body and glaze. A close approximation leads to a surface 
cracking which forms an imbricated pattern of curved cracks 
which do not extend deeply into the body, but rather give a 
tendency to scaling through overlapping in a lateral direction. 
Low quality porcelains give cracks with angular intersections 
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which peoettate deeply into the body, making it extremely 
brittle. 

Test 2. A crucible ^in. in diameter is heated over a hunsen 
burner as shown in diagram ; care being taken to reproduce 
the illustrated deflection ♦>£ the inner cone of the flame by 
the base of the crucible. Contifcvg^ heating for a quarter 
of an hour. 

la this test a heavy strain is placed on the base of the crucible 
which is^ at about 100° C., while the sides are from 8qp° to 
900* C. It is, in fact, one of the severest tests that a good 
porcelain should stand, and a certain proportion of failures 
occur in the best makes. Crucibles above this size always fail, 
but the smaller sizes should always stand, unless the bunsen 
flame is particularly fierce. 



Test 3. A combustion boat is filled with fragments of the 
same porcelain and heated in a combustion?Eurnace from 
1050® C. to 1100° C. in four hours. On removal, the pieces 
should be detached by the fingers or % sharp tap. 

The hardness of the glaze here tested is important since, as 
a general rule, the solubility of a glaze in reagents varies inversely 
as it hardens. Soft glazes, which cause the pieces to be so 
firmly attached that removal may incur the breaking of the boat, 
usually have high solubility values. 



CHAPTER VIII 


ACCIDENTS IN THS" LABORATORY 

A ccidents are^jound to happen in the best conducted 
laboratory and, therefore, 'the science master must be able 
to render first aid. Sometimes these accidents are due to the 
negligence of the teacher, and it may therefore be o'l interest 
to outline what appears to be the legal position of a master. 

Except in a few private schools, the teacher is the servant of 
the school governors or the Local Education Authority who 
are responsible for any negligent act of their servant. Hence 
action is* usually taken against the Authority and the teacher 
combined, and the Authority defend. The precedent for this 
is the case of Cbing v. Surrey County CounciU In this case it was 
submitted that a County Council could not be held hable for 
any negligence of their official; that they were in a similar 
legal position as a Board of Guardians, and that previously such 
a body, since they discharged ministerial duties, had been held 
not to be liable for the negligence of an official (see To^eland v. 
West Ham Union). But this was not maintained, and damages 
were awarded against the County Council. A more striking 
case was that of Smith v. Martin and the Mayor and Corporation 
of Kingston-upon-Hull. In the lower court it was held that the 
Education Authority (the Mayor, etc.) were not responsible for 
this particular act, since, although negligence had been proved 
to have takefi place in school and during school hours, it was 
due to an act not necessary for the carrying on of the school. 
On appeal, howeVer, this judgment was reversed, and the 
Authority were held jointly liable, presumably on the ground that 
thp child obeyed the teacher^s order and that the Mayor, etc., 
had placed the teacher in a position of authority over ^e child. 

A case heard in 1838 {Byan v. Fildes) shows the change which 
took place as a result of the Law Reform (Married Women and 
Tortfeasors) Act, 1835. 

Miss Fildes, a^teacher, boxed the ears of Ryan, aged ten years, 

X30 



ACCIDENTS IN IJIE LABORATORY I31 

and some deafness resulted. The boy’s father sued the teacher^ 
and the School Managers for ^damages. He was awarded* over 
£100. But it was hejd that the Managers were entitled to 
recover the damages frotn the teacher. The Jjadge commented 
“ she did something which s 1 |e was not really entitled to do 
by way of punishment and, as it cannc^be justified in law . . . 
she has rendered herself liable to pay daJtiages to the plaintiff.” 

The law recognizes that accidents will happen and allows for 
no compensation unless it can be proved that the mjuiy or 
damage iS due to negligence. Thus, the crux of each case is 
the question : What is negligence ? This is decided by a jury, 
subject of course to the Judge’s directions on points of law. 
Generally the defence is a denial of negligence, or alternatively 
of contributory negligence on plaintiff's part. But ittnust be 
admitted that quite frequently the sympathy of the meifibers of 
the jury is with the plaintiff. A few cases are quoted to show 
what negligence ” has been found to be. 

In the case of Williams v. Eady^ the plaintiff was a boy who 
had been burnt with phosphorus. It appeared that at defendant’s 
private school chemical lectures had once been given, but later 
were abandoned. Instead of destroying the phosphorus, the 
master had placed it in a cupboard in the conservatory, along 
with cricket things, etc. The cupboard, he submitted, was kept 
locked and the keys deposited in the kitchen. In some manner 
a boy, not the plaintiff, had secured access to the cupboard and 
extracted the bottle of phdsphorus. Into this he plunged a 
lighted match, shook the b^Wtle and waited. But not for long, 
of course, for the bottle exploded and in doing so injured the 
plaintiff, who was passing by. The defendant lost ftie case both 
in the lower and higher courts, on account of negligent storage. 

A few observations made and rulings giv 8 n in this case will 
be quoted, since they will probably influence any other case. 
It was made clear that negligence was a question of degre;. 
For example, as the Judge pointed out, it may be negligent if 
one left a -knife where a boy of four could get at it, but it would 
not be so for a boy of eighteen. It was also realized that a 
master had to leave dangerous things lying about. But when 
he did so, he must take such precautions as a prudent man would 
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be expected to take. Moreover, allowance must be made for 
boyish nature, for the tendency of boys to do mischievous acts 
and to meddle with things. Notwithstanding this, negligence 
could not have been proved in this particular case had the 
teacher kept the cupboard securely locked. Evidently, as was 
pointed out on appeal, th^ jury found that this had not been done. 

Another case invoking phosphorus burns is on record which 
had a happier result for the teacher. The plaintiff sued the 
Essex County Council and others (the teacher). It appeared 
that the master gaye out pieces of phosphorus to the boys’who 
were working in pairs for a certain experiment. Plaintiff put 
a piece in his pocket and sent his partner for another. In time 
the phosphorus caught fire, burnt a hole m plaintiff’s pocket 
and severely burnt his leg. The most important question was. 

Did the boy know of the dangerous nature of the phosphorus ? ” 
It was held that he did, for, although he had not been warned 
in that particular lesson, he had been by a previous master. 
No doubt the plaintiff lost the case because he had taken the 
phosphorus for his own use and was not injured in following 
out any special instructions. It is problematic what the verdict 
would have been had the boy been injured in the performance 
of the experiment, even though it was held that he had not been 
left in ignorance of the danger involved in using the substance. 

In the case of Smith v. Martin (see above), the teacher sent 
a girl to poke the fire and draw the damper in the teachers’ 
common room. In doing this thir girl was severely burnt and 
was later awarded damages, notwithstanding the submission 
that the girl was aged fourteen, often attended to the house, 
had been trained in domestic science and was bright and intelligent 
for her age. 

In Smerkinisch V. Newport Corporation a youth was injured 
whilst working a circular saw. This saw was not protected by 
9 guard, but the youth knew this, and in spite of it, had asked 
for and obtained permission to use the saw. In short, he knew 
of the risk and accepted it, and thus he himself was held to be 
responsible for the injury and the Local Authority were dis- 
missed from the suit. The youth was, however, nineteen, and 
evidently it w%s thought he had reached an age of discretion. 
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In Baxter Y. Barker^ the plaintitt's son, Daxter, was playing a 
game with another boy in the cloisters ; this was contrary to 
the headmaster’s orders^. The chemistry master sent two other 
boys with a flask of sulphuric acid where thjy were playing. 
Baxter’s son and the boys coll^ed and he was injured. In the 
lower court the chemistry master was l^eld negligent in sending 
the acid across a playmg space in a fra^4l^ vessel; the head- 
master was also found negligent in that he had not seen that his 
orders were obeyed. The Court of Appeal reversed the decisions 
of the lo'Ot^er court. 

In another case a science master had sent a boy to get a 
Winchester bottle of concentrated acid. The boy dropped it 
and was burnt. The master was held negligent in that he had 
sent a boy for a bottle which was too big for the bojuJO grasp 
with his small hands. 

In Foster v. London County Council a teacher ordered a girl to 
remove a rusty pen-nib by means of a pair of pincers. In doing 
so the nib broke and a piece flew into the girl’s eye, thereby 
injuring it. The teacher was held responsible, since she had 
not given any instructions on how to use the pincers. 

In Jackson v. London County Council^ etc., the county council 
employed a contractor to effect repairs. He left a barrow con- 
taining lime and hair in a corner of the playground. The 
headmaster, through the Caretaker, told the contractor to remove 
it, but it was not removed. Some of the boys played “ snow- 
ball ” with the stuff and a Itoy’s eye was injured. The father 
was awarded damages against the headmaster’s employers' (the 
L.C.C.) and the contractor. It is important to notice the reason 
for the headmaster’s negligence : he had recognixeii the barrow 
and contents as a source of danger but had not ensured that it was 
removed. 

One of the most interesting of recent cases is that of Camkin v. 
Bishop and Another. A party of boys volunteered to hoe beet 
on a half holiday. No master was present. A boy, in throwing 
a lump of earth at another boy, missed him but hit Camkin, 
who, as a result, lost an eye. Damages were awarded to the 
plaintiff in the lower court which decision was, however, reversed 
on appeal. Lord Justice Goddard commented : . “ The duty of 
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% headmaster towards his boys is that of an ordinary careful 
parent : ^^would an ordinary parent think for a moment that he 
was exposing his boy to risk in allowing him to go to a field to 
weed beet . . . ? Of course there wv»s no supervision on this 
occasion, nor was there any dijfy to provide it, having regard 
to the innocuous nature of the occupation. The case bore no 
analogy to those in y Inch boys were allowed to handle dangerous 
chemicals or to be in' proximity to dangerous machinery.” 

It is obvious that the schoolmaster must exercise reasonable 
cafe of his pupils and if anything of an exceptional' nature has 
to be done or any dangerous substance has to be used, adequate 
precautions must be taken by the master. It is recognized that 
the teacher cannot very well guard the boy, say, from cuts 
obtaina.i “ ordinarily.” But if he orders a boy to cut a piece 
of glass tubing, he must give proper directions as to how to 
do it. Or, if he has a boy fitting up a piece of apparatus, he must 
ensure that the boy knows how to do it, e,g. he should show 
him how to insert a glass tubing through a cork and not leave 
the boy to push it through by force, and so on. (The prevention 
of accidents is dealt with more fully below.) 

If the master himself is injured during the performance of his 
duty, it is very doubtful whether he can hold the Education 
Authority liable for damages unless he can prove negligence on 
their part. At least one such case is on record, Abbott v. Isham 
and Others y where the master was injured by the pipes bursting. 
In this case the Managers of a npn-provided school were held 
responsible, since the teacher had reported on the unsatisfactory 
state of the heating apparatus and they had not taken steps to 
have it rer^edied. Otherwise, however, the position seems to 
be that the science master, on accepting his situation, thereby 
accepts voluntarily any risk. He may, of course, insure against 
accident, if he so wishes, with the underwriters. 

THE PREVENTION OF ACCIDENTS 

The old maxim “ Prevention is better than cure ” is an admir- 
able one for science masters. Quite irrespective of legal or 
financial considerations, the students have a personal, if not a 
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moral, tight to be told when any experiment involving risk has 
to be performed. A general warning that work in, a sdence 
laboratory has special (dangers is not of much value, for there 
are so many experimerfts where the risk is negligible, and so 
many of these are performed iby a student early in his studies 
that familiarity breeds contempt. Subrtance A may be perfectly 
harmless when heated, while substance may explode ; sub- 
stance C can be handled with ftnpunity, while substance D is 
spontaneously inflammable in air. The pupil cannot be expected 
to khow this and must be put on his guard when needs* be. 
The following experiments and substances involve risks of which 
the students must be informed beforehand. The list below is 
not, of course, exhaustive. 

Cuts from Glass 

This type of accident is very common. Usually cuts are 
caused through the pupils’ carelessness and occasionally through 
ignorance. Every pupil should be shown how to cut a piece 
of glass tubing, and have impressed upon him that force is not 
necessary. After the glass has been cut, the edges should be 
rounded off in the bunsen flame so that no sharp points are 
left. Even the insertion of a tube through the hole in a cork 
may result in a nasty cut. Boys will grasp the end of a tube, 
or a thistle funnel in the palm of the hand and push as much 
as possible. This is quite unnecessary. The tube should be 
grasped near the end which i# to go through the cork and pushed 
in, with a screwing motioiJJ using a gentle, even pressure. 

If it does not enter easily, as is often the case when a rubber 
stopper is used, the glass should be wetted wifh water or 
glycerin. It is a help if the borer is left in and gradually 
withdrawn from one end as the tube is •inserted from the 
other. 

When the hole in a cork has been bored so that it is too smajl 
it must be made larger by a rat-tailed file (and not by the glass 
tubing) or' else a new cork should be used. 

At all times when a piece of glass is being inserted in a hole 
in a cork or a rubber stopper it is advisable to use a duster 
as a protection for the hand should the glass break. The same 
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precaution is advisable when fitting up apparatus with the use 
of r^bbe^ tubing, etc., especially with tubes which have bends 
in them. Occasionally a tube becomes stuck in the rubber 
stopper; to withdraw it a borer, larger than the tube, and 
whiA has been dipped in watqr or glycerin, may be pushed 
through, just outside tl^e tube. If not the rubber must be cut 
away. 

Most test-tubes are thin-waHed and should not be squeezed 
in the hand. No glass apparatus of any kind must be screwed 
fast by means of a clamp unless the jaws of the clamp are covered 
with cork, or a piece of paper is wrapped round the glass. 
Broken pieces of glass must not be left lying about, but placed 
immediately in the waste box, not in the sink. Notwithstanding 
this, tht-sink must be carefully examined for glass before it is 
cleaned!:' 

When dangerous experiments are being demonstrated the 
pupils can be protected from possible cuts by placing a piece 
of safety glass on the class side ” of the apparatus. 

Precautions when Heating Glass Vessels 

Beakers and flasks, especially when containing solid and 
liquid at the same time, 'must be heated gradually at first. The 
naked flame should never play on the glass above the level of 
the liquid, and all moisture and dirt must be wiped away from 
the bottom of the vessel before use. The use of a wet piece of 
wire gauze invariably results in a troken vessel. Similarly, if a 
flask is to be heated on a sand tr«y, the bottom of it must be 
perfectly dry. If it is not, the water is converted into steam, 
which scatters the sand in all directions, and may cause the 
flask to break. Glass vessels containing inflammable liquids 
must never be heited over a naked flame or over wire gauze. 
A large sand tray should be used, which should be big enough, 
^nd contain enough sand, to absorb all the liquid in the flask 
should breakage occur. The risk of fire is in this way minimized. 
Evaporating basins should be heated similarly on a pipe-clay 
triangle or sand bath, not over wire gauze. 

Hot vessels must not, of course, be cooled quickly. Many 
boys will unthinkingly place a hot crucible under the tap to 
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wash it, or else place it on the cold foot of the retort stand. Whcip 
a vessel is being heated on no account should the bunsen burnei 
be held immediately ui^derneath the vessel by hand, 'f he vessel 
may possibly break anA the contents, if only, hot water, may 
cause serious burns, while acic^ etc., may do irreparable injury. 

There is also the danger that boys will bum themselves wiA 
a piece of glass after it has been heated. ' must be pointed out 
that glass retains its heat for a* considerable time after it has 
ceased to appear hot. 

t 

Use of Wrong Substances 

To avoid using the wrong substance, every bottle should be 
distinctly labelled (see p. 30). Many pharmaceutical chemists 
have the habit of reading the label, i.e. actually saying jr’#e words 
to themselves. This is a wise precaution as is that of booking 
at the label twice, once when getting the bottle, and again after 
removing the stopper and just before adding the solution. The 
stopper should be replaced immediately after use. 

A good method of pouring out liquids is to hold the bottle 
in the right hand and the test-tube, etc., in the left. The stopper 
is removed by grasping it between the little finger and the palm 
of the left hand and retained thus until it is replaced. 

Substances given out should always be labelled in some 
manner. 

Inspection of Apparatus^ 

It should be the rule in «very laboratory where juniors are 
working that the actual experiment must not be begun until 
individual permission has been given. That is, thc^upils must 
fit up their apparatus and get everything ready to begin and 
then inform the master. He should give permission to heat 
certain substances, to add concentrated acids, to connect to 
batteries, etc., and he should look for the obvious mistakes 
in fitting up the apparatus. 

The use of Pipettes 

Pupils should be trained to fill the pipette with water before 
using any other liquid. Acid or a caustic solution leaves an 
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Unpleasant taste, to say the least. Some substances can cause 
' serious injury. Poisonous substances, e.g. cyanide solutions, must 
not be sucked into the pipette ; a safety filler or a hand bulb 
should be used with all such substances. 

r 

As a general rule Sixth Form pupils should be provided with 
pipettes with a small safety bulb on the stem above the graduation 
mark. 

SOME' SUBSTANCES REQUIRING CAREFUL 

HANDLING 

Many of the liquids mentioned below are usually stored in 
Winchester bottles. The weakest part of a Winchester is at 
the top^here it begins to taper. For this reason such bottles, 
especially 'wlien full of liquid, must not be carried by grasping 
the neck ; the bottle might break in two parts. 

Boys should, as a rule, not be allowed to handle such bottles 
when full, especially the smaller boys (see page 135). The 
bottles should be stored near the floor (see page 68). 

Acids, Concentrated. — ^AU concentrated acids are corrosive 
substances and must never be allowed to come in contact with 
the flesh. In addition, most of them give off fumes of a very 
irritating nature. 

Acetic Acid^ Glacial^ fumes strongly and occasionally causes 
blisters to appear. 

Carbolic Acid or 'Phenol, — ^As we^jc a solution as one of 5 per 
cent, causes some numbness, often followed by intense irritation. 
A stronger solution causes a white scar to form, which in time 
drops off, leaving a yellowish stain. 

Chromic Acid irritates and corrodes the skin a little, indeed 
it may cause dermatitis. 

Formic Acid is a very volatile liquid whose fumes must not 
be breathed. A arop of this acid is very irritating to the skin, 
usually producing ulcer-like spots. 

Hydrochloric Acid is not nearly so corrosive as the other common 
mineral adds and has little effect on the flesh, unless it is in 
contact with it for a considerable time. It fumes very readily 
and these fumes have a choking effect if inhaled for a long time. 
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Hydrofluoric Acid is a very dangerous liquid to leave lying 
about. It fumes very readily and these fumes attack the respira- 
tory passages with some violence. Moreover, the concentrated 
acid produces blisters oi* the skin which, besieges being painful, 
are very difficult to cure. 

Nitric Acid is one of the most corrosive of acids. In addition, 
it turns the skin yellow, ultimately causing it to peel off. Special 
care is necessary when acting on this acid with metals or organic 
matter (see Nitrous Fumes, p. 145). 

Sulphuric Acid is also very corrosive. If it remains in coiftact 
with the skin for some time, it produces very serious bums, 
resulting in deep-seated and permanently disfiguring scars. 

Organic Acids , — Most of the organic acids used in a school 
laboratory, with the above exceptions, are of a mufhi milder 
nature and produce little corrosion unless in contact for a 
considerable time. 

Water should, as a general rule, never be added to a concen- 
trated acid. Under no circumstances must it be added to 
concentrated sulphuric acid (see p. 65). 

Alcohol. — ^The alcohols arc inflammable. Care is necessary 
in the alcohol-nitric acid reaction (see Nitrous Fumes). 

Aldehydes. Formaldehyde. — The fumes of this substance 
are very irritating to tha tr. -oat, etc., and have been known to 
produce bronchial catarrh. Generally speaking, the other 
aldehydes are much less harmful, with the possible exception 
of paraldehyde. 

Alkalies. — Concentrated Solutions corrode the skin and may 
ultimately produce ulcers. 

Amines. — Fumes of amines, like those of ammonia, are 
poisonous and must not be breathed. 

Ammonia. — Liquor Ammoniac Fortis tumes strongly in air 
and great care is necessary on opening the bottle. The vapbui 
is poisonous. The action of ammonia on chlorine is an explosive 
reaction and has caused serious accidents. 

Ammonium Iodide explodes on heating. 

Ammonium Nitrate is a common constituent of many 
explosives. It must never he ground in a mortar with othei 
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substances. These should be ground separately and mixed 
' together on a sheet of glazed paper by means of a feather, etc. 
The amhionium nitrate often explodes when heated alone. 
Hence, in the preparation of nitrous oxfide, a mixture of ammon- 
ium sulphate and sodium nitra^ should be employed. 

Ammonium Nitrite also explodes on heating. A mixture 
of ammonium chloride and potassium nitrite should be used in 
the preparation of nitrogen. 

Amyl Nitrite . — The fumes from this liquid have a powerful 
effect, causing the blood to run to the head, a flushing of the 
face, and an increase in the rate of beat of the pulse. It should 
therefore be used very cautiously. 

Aniline is a blood poison, and since it can be absorbed through 
the skiii;*’must not be allowed to come in contact with any part 
of the body. Care must obviously be taken when any is spilled 
on to the clothes. Its fumes should not be breathed (see 
nitrobenzene, p. 144). 

Arsenic. — The poisonous nature of this element and its 
derivatives is too well known to need any amplification. 
Especially is its use dangerous, since many of its compounds 
are volatile. The hydride, AsHg, is exceedingly poisonous ; i 
part in 100,000 is dangerous if breathed for some time. 

The fumes produced in the cacodyl test are also of a very 
poisonous nature. 

Benzene fumes produce headaches and giddiness, as do the 
fumes of its homologues, toluene^ and xylene. 

Bromates. — These substances react in a similar manner to 
the chloratf^, but are much less vigorous. 

Bromine is a fuming volatile liquid. The fumes have a very 
irritant action on ^e mucous membrane and often cause inflam- 
mation of the lungs. So little as i part in 100,000 is said to 
be injurious, whilst i in 3,000 has produced fatal results. The 
fumes also attack the eyes and produce severe pains, often with 
dangerous results. The liquid, on contact with die skin, produces 
a nasty bum. 

Carbon Bisulphide. — The vapour of this substance is very 
poisonous. 
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Carbon Dioxide is suffocating, but its preparation 
attended with little risk and can be performed in the open. 

Carbon Monoxid^. — The poisonous nature of this gas can 
scarcely be over-exaggeAted : 5 parts per 10,000 have a poisonous 
effect, while 2 parts per 1,000 are dangerous to life. Moreover, 
it attacks very suddenly, with little, if any, warning, and death 
results in a few minutes. 

Carbon Tetrachloride is a powerful narcotic so that its 
vapour jmust not be breathed and the liquid should be, used 
only in a well-ventilated room. Although i^ is non-inflammable 
it should not be used near an open flame ; not even, it is suggested, 
near a lighted cigarette since acidic vapours may be formed by 
the action of the vapour on the red-hot tobacco. 

Chlorates. — All the chlorates are powerful oxidizing agents 
*and explode very readily. Potassium chlorate will explode if 
heated by itself to a high temperature. It should never be 
heated even to a low temperature, with phosphorus, sulphur, 
carbon, antimony, sulphide, concentrated sulphuric acid and 
many organic substances. It should never be ground in a 
mortar with other substances. 

Chlorine. — The poisonous nature of this gas is also very 
well known ; i part in 100,000 is injurious, i in 3,000 fatal. 

Chlorine, its Oxides. — ^All the oxides of chlorine are ex- 
plosives. Liquid chlorine monoxide is said to explode when 
poured from one vessel to #nother. The gas will also explode 
on contact with phosphorur^ sulphur and many other substances, 
chiefly organic. Both the peroxide and the heptoxide have 
similar properties. Hence their preparation must 4 )e done only 
by an experienced chemist. 

Chromic Acid. — ^A mixture of this suHfetance and glycerin 
explodes when heated ; the mixture has been known to explode 
when scratched. 

Copper Acetylide explodes when heated and occasionally 
if rubbed, provided it is dry. 

Cyanides. — See Potassium Cyanide. 

Cyanogen is a very poisonous gas. 
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.Dinitrobenzene. — The preparation of this substance requires 
'great care. The fumes cause headache and sleeplessness and 
are injuriAus to the eyes. The solid can be absorbed through 
the skin and so poisons the blood. Itt should therefore never 
be handled. 

Ether. — The vapour of this liquid is dangerous when inhaled 
in large quantities. 

Ethylene Dichloride. — This liquid is becoming increasingly 
used as a solvent in laboratories ; its vapour, like that of ether, 
is dangerous. 

Explosions with Oxygen. — ^All these should be performed 
in a thick walled vessel around which has been wrapped a piece 
of cloth, duster, etc. The following mixtures are especially 
explosivfr" One volume of oxygen with two of hydrogen, or 
half a volume of methane, or a third of a volume of ethylene,'’ 
or two-fifths of a volume of acetylene, or half a volume of 
carbon monoxide. 

Explosive Mixtures. — Many substances mentioned in this 
chapter, and other substances, especially oxidizing agents, form 
explosive mixtures with carbon, or sulphur, or certain organic 
substances. Care must be taken when handling them that they 
do not come in contact with other substances accidentally. 
They should not be put on the bench top or on pieces of paper. 
Some of these substances are : ammonium nitrate and nitrite, 
chlorates, perchlorates and perchloric acid, copper acetylide, 
iodates, permanganates, and sodium peroxide (and other 
peroxides). 

Boys mus^not be allowed to make mixtures for other boys 
to an dyse and teachers wUl, of course, take care that no dangerous 
mixture is made for this purpose. As a general rule it is wise 
to avoid oxidizing agents when making up the mixtures for 
analysis. 

Fluorine and all its compounds must be carefully treated. 
The fumes are particularly obnoxious and poisonous. 

Formaldehyde.— See Aldehydes, p. 139. 

Gunpowder. — ^The constituents of this mixture must not be 
ground together in a mortar, but each one ground separately 
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and then mixed. Occasionally gunpowder is set on fire in 2fi 
open space to demonstrate the amount of gas evolved. It must 
be remembered that the fumes produced contain abdlit 10 per 
cent, carbon monoxide »nd 2^ per cent, of hydrogen sulphide, 
and are therefore poisonous. 

Hydrogen. — The preparation of hydrogen is attend,ed with 
great risk unless care is exercised. Hydrogen and air form an 
explosive mixture. Therefore, before the gas is set alight, it 
must be tested, by taking a sample in a test-tube and applying 
a light. Where elementary students are allowed to prepare this 
gas for themselves, the teacher should issue strict instructions 
that he himself must be present when the gas is tested and the 
light applied. 

It takes some time, relatively, for all the air to beiexpelled 
from a hydrogen apparatus since zinc and dilute sulphtfric acid 
react at a slow rate. Instead of using hydrogen when reducing 
oxides, e.g. copper oxide, coal gas may be used more conveniently 
and with greater safety. But with coal gas it is stiU necessary 
to ensure that all the air has been expelled before the combustion 
tube is heated. 

Hydrogen Chloride. — The gas, when inhaled in large 
quantities, is dangerous. 

Hydrogen Cyanide is a very volatile liquid indeed, pro- 
ducing fumes which are exceedingly poisonous. A solution is 
also poisonous when taken internally, and therefore must never 
be sucked into a pipette. 

Hydrogen Fluoride. — 5 >ee Hydrofluoric Acid, p. 139. 

Hydrogen Sulphide is a more dangerous gas thiin is perhaps 
commonly supposed : 5 parts per 10,000 is certainly injurious ; 
twice this amount has been known to bc^ fatal. In smaller 
quantities the gas produces headache, giddiness and irritation 
of the mucous membrane. It is an inflammable gas and should 
not be generated near a flame. 

Inflammable Substances. — Amongst the more common 
inflammable substances are ether, acetone, benzene, petrol, 
naphtha, carbon bisulphide. When solutions containing these 
substances are to be distilled, they should be treated as described 
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upder Ether on p. 55 and also on p. 136. All these require 
careful storage (p. 68). 

The vafpour from moist calcium carbide is also inflammable. 
This compound ^must therefore be kept perfectly dry. 

lodates. — These react in a siiiilar but less vigorous manner 
as the chlorates (p. 141). 

Lead and all its salts are poisonous. 

« 

Mercury and all its salts are poisonous, some being exceed- 
ing!}" so. Mercury vapour itself has an injurious effect on man, 
and it has been laiown to cause death. 

Nitric Acid. — As is well-known nitric acid, especially con- 
centrated, quickly produces “ burns ” when allowed to come 
in cont^t with the skin. It is dangerous to breathe its fumes 
in large quantities. 

Nitrobenzene. — Almost all the aromatic nitro and amido 
compounds require careful treatment, as do the aliphatic ones 
to a lesser degree. Nitrobenzene in particular is a very dangerous 
poison, either in the form of vapour or as liquid. The danger 
is further enhanced in that symptoms are delayed, often for 
some hours (compare nitrous oxide), and then rapidly come to a 
climax. A case is reported of a chemist who spilt some of the 
liquid on his clothes, took no notice of it and went on with his 
work. Some hours later he became suddenly ill and ultimately 
died. Fumes of the other substances act similarly, but less 
vigorously. The liquid is said to be absorbed through the skin 
and so poisons the blood, as do nV-roglycerin, the nitrophenols, 
etc. 

Nitrogefi. Preparation of , — See Ammonium Nitrite (p. 140). 

Nitrogen Chloride has been known to explode when 
heated alone. It always explodes with considerable violence 
when heated with many substances, especially organic ones. 

Nitrogen and Hydrogen Compounds.— All these, with 
the exception of ammonia, are liable to explode when heated, 
or when under other conditions. 

Nitrogen Iodide in a dry condition will explode when 
shaken, or if touched ever so lightly, e.g. with a feather. Its 
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bark is, however, much worse than its bite. Moist nitrogen 
iodide does not explode. 

Nitrous Fumes, produced when nitric acid reacts with 
metals and most organic jflibstances, are poisonous. Their action 
is usually a delayed one and s/mptoms do not occur for a few 
hour§, small amounts of the gas producing giddiness and head- 
ache ; whilst large amounts may be fatal. 

When nitric acid is added in 'considerable excess to^ alcohol, 
nothing happens for some minutes ; then quite suddenly^ and 
with 'little or no warning, a vigorous action sjarts and the fumes 
are forced out of the vessel with great violence. All such 
reactions should be performed in the fume cupboard. 

Nitrous Oxide. Preparation of , — Sec Ammonium Nitrate, 

Phosgene is a very poisonous gas. 

Phosphorus, especially the white (yellow or waxyj variety, 
is volatile and the fumes are poisonous (see also p. 131.) 

Phosphorus Chlorides, as well as the oxychloride, fume 
in moist air, producing a vapour which attacks the respiratory 
system and the eyes. Small amounts are dangerous. 

Phosphorus Hydrides. — Small amounts of these are dan- 
gerous, e,g, 2 parts per 1,000 of phospinc are said to be fatal. 
Liquid phosphorus hydridv is also spontaneously inflammable. 

Picric Acid is explosive when in the dry state, and when 
heated. 

Potassium. — See p. 60. 

Potassium Chlorate. — See Chlorates. 

Potassium Cyanide. — Cyanides and most of tl^ derivatives 
of cyanogen are very poisonous, both the liquid and the fumes. 
The symptoms of very slight poisoning are Ijeadache, giddiness, 
a feeling of fullness in the throat and noises in the ears. The 
solid must not be smelled (see p. 59). 

Potassium Ferricyanide is not very poisonous. 

Potassium Ferrocyanide is not very poisonous. When 
treated with concentrated acid, it yields either hydrogen cyanide 
or carbon monoxide, two very poisonous gases. 

Potassium Permanganate may cause an explosion when 
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heated with, or even when ground with, certain organic sub- 
stances, c,g. glycerin or certain fats, etc. 

Sodium. — See p. 60. 

Sulphur Diokide. — Small quantities ot this gas — 5 parts 
per 10,000 — act as an irritant anS cause coughing and sneezing. 
More concentrated still, the gas is non-respirable. 

Toluene. — See Benzene. 

Xyleiie. — See Benzene. 

The foregoing has not been written to convey the impression^ 
that science is a dangerous subject. A list of risks run by the 
children in coming to and from school, or in playing in the 
streets, etc., would be also formidable. All that is desired 
is to pcfcnt out that certain accidents may occur and that it is 
necessary to take whatever precautionary measures seem 
advisable. 


FIRST AID TREATMENT 

During the last decade first aid treatment has changed in 
many ways owing to the discovery of new substances and to the 
introduction of new methods of treatment. This improvement 
is likely to continue. Hence ordinary first aid treatment, such 
as the treatment of cuts, wounds, and burns, is not given in 
this book. Instead, it is recommended that a copy of a recent 
edition of a modern handbook aa First Aid and Bandaging 
should be kept in the first aid boxi The book chosen should 
be one which deals also with the first aid treatment of persons 
suffering frAn poison gas — this is a common subject because of 
the fear of gas warfare. 

Only a few item^, those of particular importance to the science 
teacher, will be mentioned : 

Acid Burns. — If at all possible, place the affected part under 
the tap and turn on the water at full strength. Otherwise wash 
the burn with a large amount of water. Small amounts are 
dangerous, owing to the heat of dilution. When most of the 
acid has been removed in this manner, wash the wound with 
a solution of spdium bicarbonate or sprinkle solid bicarbonate 
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over it. This neutralizes any remaining acid.* On no accoU|it 
should the alkali be put on the acid until after washii^, for the" 
heat of neutralization is considerable. The wound is then 
carefully dried and trea*2ed as an ordinary biyrn. 

Alkali Burns. — These are <:reated as acid burns except that 
a dilute acetic acid solution (i per cent.) is used in place of the 
sodium bicarbbnate. 

Bromine Burns. — Wash the burn first of all with a solution 
of sodium bicarbonate and follow this with alcohol, or benzene. 
Finally, dry the wound with absorbent wool and treat as an 
ordinary burn. 

Phosphorus Burns. — These burns are usually of a severe 
nature and, after a preliminary dressing of the burn, thj injured 
j)upil should be sent to the doctor. Such a burn mu^ not be 
treated as an ordinary one, since phosphorus is very soluble in 
carron and other oils. Thus the effect of using an oil is to 
spread any remaining phosphorus over a greater surface. 

The burn should be well washed with water so that no 
phosphorus remains, and then with a piece of absorbent wool 
soaked in bench silver nitrate. All air should be excluded by 
a tight bandage. 

Fires. — The risk of fir w is greater in the laboratory than in 
any other room, especially when much organic work is done 
there. In each laboratory there should be buckets full of water, 
buckets with sand and a scqpp near by and foam extinguishers. 
Sand is, generally speaking, ihe most efficacious. Water should 
not be used when oils lighter than it arc on fire, neither should 
an acid-soda fire extinguisher. Extinguishers containing carbon 
tetrachloride are not suitable for use in a confined space since 
acidic vapours are given off when carbon tetmchloride is heated 
(see also p. 141). The foam extinguisher should be inspected 
at regular intervals. 

At the earliest possible moment the gas supply must be turned 
off. It is, therefore, essential that the mains stop-cock is easily 
accessible, clearly marked and its position must be well known 
to the teacher, laboratory assistant and senior boys. 

When there is an electric supply laid on to the benches, it 
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tQo must be cut oflF at once (as water solutions are conductors 
of electricity). 

The gas and electricity should be turned off every night to 
minimize fire risjcs when the laboratoty is empty. 

Clothes on Fire. — If the ck^thing catches fire the flames 
should be smothered immediately by wrapping the pupil in an 
old blanket (which should be kept in the laboratory only for 
this purpose). If no blanket ‘is available a jacket, rug, etc., 
may be used instead. When the flames have been extinguished 
the jpupil must be ^treated for burns, but special watch must be 
made for signs of shock or for faintness. 

Traces of Chlorine or Bromine Inhaled. — ^Where this 
i^ not serious, allow the pupil to smell ammonia, ammonium 
carbonatfe, alcohol. Much relief is obtained by smelling 
eucalyptus vapour which absorbs chlorine and bromine. A 
gargle of sodium bicarbonate is beneficial. Indeed, whenever 
chlorine or bromine is being prepared, it is advisable to have a 
beaker of such a solution at hand. 

If much gas has been inhaled the treatment outlined in the 
First Aid Manual should be commenced immediately ; the pupil 
may be allowed to smell the eucalyptus vapour whilst this is 
being done. 

Sulphur Dioxide. — Apply the general treatment and, in 
addition, it is recommended that a seidlitz powder be given 
when the patient is conscious 

Other Gases. — ^Apply the general treatment. 

Bromine Vapour in the Eye.— This is both painful and 
dangerous. %• The eye should be washed first with the alkaline 
eye-wash, and then with water by means of an eye-bath. After 
this add a drop o£ castor oil in the corner of the eye to relieve 
any pain. 

Instead of this, for slight cases, the alcohol bottle may be 
held under the eye so that alcohol vapour can enter, but care 
must be taken that no liquid alcohol gets into the eye. 

Acid in the Eye. — Wash the eye with water by means of 
a wash bottle, carefully directing a slow stream into the eye. 
Alternatively, the face can be immersed in water and the eye 
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opened and closed. I'hen apply the alkaline eye-wash. After- 
wards relieve the pain with castor oil as above. 

Alkali in the Eye. — ^This is treated in the same way, 
except that a weak boric^acid solution is employed in place of 
the alkaline eye-wash. 

Eye Injuries. General Treatment , — In all cases involving 
eye injuries, light should be excluded by a bandage. All eye 
cases must be sent at the earliest j[>ossible moment to thp doctor, 
or else the doctor should be requested to visit the school^ im- 
medftitely. The eye is much too delicate and precious an organ 
for an amateur to give other than ‘‘first aid.” 

Liquids on Skin. — Splashes of aniline, nitrobenzene and 
other nitro and amido derivatives must be washed ofFimmediatety 
with water. Special attention must be paid to any splashed 
clothing. If badly splashed, it should be removed and washed 
before it is worn again. 

Fainting is a common sequence to most injuries received 
by the schoolboy. If signs of this are shown — that is, if the 
boy becomes restless, or if beads of perspiration gather on the 
forehead or upper lip — he should be made to sit on a chair in 
the open. All clothing, especially the collar, must be loosened 
immediately and his head olaced between his knees until he 
flushes red. Smelling salts snould be used, and when he becomes 
conscious, but not until then, he may be given a little cpld 
water or some stimulant, su^h as a few drops of sal volatile in 
water, to drink. If unconsaous, ;the patient should be laid on 
his back in the open air with the head on one side and smelling 
salts applied to his nose. He should be kept as warn} as possible* 
by overcoats, etc., and care should be exercised, when he appears 
to have recovered, that he does not have ^ relapse. 

Electric Shock. — In this case the rescuer must think of 
himself first of all if the victim is still in contact with the live 
wire. He must be insulated, before he touches the victim, by 
standing on a piece of wood or some non-conductor, and by 
wearing rubber gloves, or by covering his hands with some 
rubber material. The victim is powerless to move and should 
be pushed away from the wire somewhat vigorously. If the 
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rescuer is not in a position to touch the victim, he should push 
him .away with a piece of dry wood, a walking stick, broom 
handle, etc. The wood must be dry and for safety should be 
grasped by a dry cloth, such as the inaide of the jacket or any- 
thing else at hand. 

When free from the wire, or m cases of severe shock obta ned 
from a battery, the patient should be made to lie down and 
kept warm by hot water bottles or blankets, artificial respiration 
being applied if necessary. It must be continued for three 
houfs if necessary, or until a doctor comes. 

The First Aid Box. — Every chemical laboratory should 
contain a first aid box of its own, which should not be removed 
from a fixed and well-known place. Such a box an be made in 
any schcol workshop. It should be about 2 ft. by i ft. by 8 in., 
and divided into suitable compartments for each bottle. No 
lock is necessary ; indeed, it is advisable not to have one, since 
the key is so often lost just when wanted. Near the box should 
be hung brief, but adequate, instructions on the treatment of 
the common injuries. The box should contain the following 
substances as well as the substances recommended in the par- 
ticular First Aid Manual which is being used : 

Acetic Acid. — For alkali burns. 

Add 5 C.C. of glacial acetic acid to 250 c.c. of water. 

Acid 'Eye-Wash, — Label the bottle — For alkalies in eye — to 
avoid confusion. 

Dissolve I gram of boric acid in 100 c.c. water. 

Alcohol, — K bottle contairdng rbout 100 c.c. of ordinary 
rectified spirit. 

Alkali E^e-Wash, — Label the bottle — ^For acids in eye. 

Dissolve 3 grams of sodium bicarbonate in 100 c.c. water. 

Bandages. — ^An ample supply of various sizes of bandages is 
required. 

There should be included one or two triangular bandages. 

Benzene . — A small bottle, as purchased, is required. 

Boric Acid. — ^As aturated solution is sometimes used to relieve 
the pain due to wounds, etc. 

Castor Oil. 

Collodion. — The preparation of this is somewhat troublesome ; 
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hence it is best to purchase the collodion ready made. It ^s 
a solution of pyroxylin (gun cotton) in ether and absolute 
alcohol. Flexile collodion is better than ordinary cdllodion. 

Dressings. — A few sterilized dressings sho^d be purchased, 
including burn dressings. 

Esualyptus. — For use with chlorine poisoning. 

^e-Bath, 

Gaus^e, Medicated. 

Iodine Solution. — Dissolve 2*5 grams of potassium iodide in a 
small amoimt of water and add 2*5 grams of iodine. Wheh the 
iodine has dissolved, make up the volume to 1*00 c.c. with spirit. 

Lint. 

Olive Oil. 

Picric Acid. — Dissolve i gram of the solid in 100 c.c. pf water 
(see note on Picric Acid, p. 94). 

Pins. — K supply of safety pins of various sizes is required. 

Phenol. — Dissolve 5 grams of phenol (carbolic acid) in 100 c.c. 
of water. This may be used as an antiseptic in place of iodine. 

Plaster. — A roll of self-adhesive zinc plaster, ^in. wide, is 
useful. 

Sal Volatile. — ^This is a mixture of oil of nutmeg, oil of lemon, 
alcohol, water, ammonium carbonate and ammonia, and is 
best purchased ready m . le from the druggist. A z-ounce 
bottle is sufficient for a considerable time. It should be well- 
stoppered. 

Scissors. 

Seidlit^^ Powder. 

Silk, Oiled. — A packet of oiled silk is useful in case of very 
serious injury. 

Silver Nitrate. — Dissolve approximately 1*7 grams of the 
crystals in 100 c.c. water. 

Sodium Bicarbonate. — ^Prepare 2jo c.c. of a saturated solution. 
About 20 grams of the solid is requited for this amount of 
water. 

Tweeters. — A pair of tweezers. 

Wool, Absorbent. 

The stock should be periodically examined to see whether 
everything is fit for immediate use. 
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^It must be emphasized that the teacher can give only first aid 
‘treatment and he must attempt to do no more. After he has 
given sudn treatment, if he has the slightest doubt about the 
well-being of his pupil, he must sendvhim immediately to the 
doctor. It is most essential to g,'t a doctor’s aid at once when 
there is any injury to a vital part of the body, e.g. to the eye. 



Art»ENDIX I 


NOTES FOR THE LABORATORY ASSISTANT 
IN CHEMISTRY 

Ascertain which of the undeimentioned systems is in use in 
your laboratory (see p. 46), and prepare the solutions According 
to the appropriate column. The quantities given are tofmake 
a final volume of one litre in distilled water. 


Substance. 


Arbitrary 

System. 


2. Normal 3. Normal • 
System. System. 


Acetic Acid, Bench, cone. 


330 c.c. 


330 c.c. 


330 c.c. 


Acetic Acid, dil. . . . 50 c.c. 

Alcohol, 60 per cent, (etc.) 666*6 c.c. 


1 16 c.c. 
666*6 c.c. 


174 c.c. 
666.6 c.c. 


• 

Of glacial 
acetic. 
Ditto. 

Of rectified 
spirit. 


Ammoniacal Cuprous 

Chloride 

Ammonium Acetate . 
Ammonium Carbonate . 
Ammonium Chloride 
Ammonium Hydroxide, 

cone 

Amm onium Hydroxide, dil. 


Special Instructions, p. 48. 
100 gr. I 154 gr- I 154 gr- I 

Special Instructions, p. 49. 


100 gr. 

107 gr. 

107 gr. 


1 1 

As purchased. 

i8*3 N. 

300 c.c. 

108 c.c. 

162 c.c. 1 

Of liquor 




ammon. 

fortis. 


Ammonium Molybdate . 
Ammonium Oxalate . 

Ammonium Sulphide 
Ammonium Sulphocyanide 

Aqua Regia .... 
Barium Chloride . 

Barium Nitrate 

Bromine Water 
Calcium Chloride 


Calcium Hydroxide . 


25 gr- 


Special Instructions. 

I J5-5 gr. I 35-5 gr- 


As purchased or 330 c. 
10 gr. I 15 gr. I 15 gr. 

I I • 

3 parts by vol. cone. HCl 
TOO gr. 122 gr. 122 gr. 

50 gr. 63 gr. 65 gr. 

A saturated solution. 


50 gr* 


100 gr. 


55 gr* 


no gr. 


55 gr* 


no gr. 


Special Instructions, p. 33. 


. P* 49* 

I Not very 
I soluble, 
c.^bf this. 

I Very delicate 
I reagent, 
to I HNO3. 

I Not very 
I soluble. 

I Approx. N/2. 
Using fused 
solid. 

Using crystal. 
Approx. N/22. 
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Arbitrary 

System. 

2. Normal 
System. 

3. Normal 
System. 


Calcium Sulphate. 

Special lDi»tructions, p. 53. 

Approx. N/33. 

Chlorine Water . 

A saturated solution. 


Cobalt Nitrate 

100 gr. 

145 gr- 

145 gr. 


Dimethylglyoximc 


Special Instructions, p. 54. 

Diphenylamine 

Fehling’s Solution 


Special Instructions, p. 54. 


Special Instructions, p. 5 3 . 

Ferric Chloride 

100 gr. 

90 gr. 

90 gr. 


Ferrohs Sulphate 

20 gr. 

20 gr. 

20 gr. 

Unstable, t 

Fusion Mixture . . 

40 gr. NagCO 

3 to 50 gr. 

KjCOj. 

Hydrochloric Acid, cone. 

As purchased. 

10-2 N. 

Hydrochloric Acid, dil. . 

309 c.c. 

199 c.c. 

298 c.c. 

Of cone. 

Indicators . 

Special Instructions, p. 66. 

Lead Acetate .... 

100 gr. 

190 gr. 

190 gr. 


Magnesiufii Sulphate . 

100 gr. 

123 gr. 

12} gr. 


Mercuric ‘Chloride 

50 gf- 

27 gr. 

27 gr. 

Not very 
soluble. 

Nessler’s Reagent 


Special Instructions, p. 5 8. 

Nitric Acid, cone. . 


As purchased or 300 c.c. 

Nitric Acid, dil. . . 

200 c.c. 

127 c.c. 

190 c.c. 

Of cone. acid. 

Platinum Chloride 

50 gr. 

41 gr. 

41 gr. 

Expensive 
make N/io. 

Potassium Bichromate 

50 gr- 

49 gr. 

49 gr. 


Potassium Chromate 

50 gr. 

97 gr. 

97 gr. 


Potassium Ferricyanide . 

50 grams freshly prepared. 

Unstable. 

Potassium Ferrocyanide . 

50 gr. 

21 1 gr. 

211 gr. 

See p. 60. 

Potassium Iodide 

100 gr. 

33 gr- 

33 gr. 

Very expensive 
An N/3 
solution. 

Potassium Permanganate 

^ gr. 

, 3 gr. 

3 gr. 

Not very 
soluble. 

Potassium Sulphocyanide 

10 g/ 

19^’ gr. 

19*5 gr. 

Very delicate 
reagent. 

Silver Nitrate, 

50 gr. 

34 gr. 

34 gr. 

Expensive. 

Sodium Acetate . 

200 gr. 

272 gr. 

272 gr. 


Sodium Cobaltinitrite 


Special Instructions, p. 61. 

Sodium Hydroxide . # . 

150 gr. 

80 gr. 

120 gr. 

Unstable. 

Sodium Nitroprusside 

25 gr. 

25 gr. 

25 gr. 

Sodium Phosphate 

100 gr. 

ii9gr. 

119 gr. 


Stannous Chloride 


Special Instructions, p. 62. 

Sulphuric Acid, cone. . 


As purchased or 330 c.c. 

Sulphuric Acid, dil. . 

130 c.c. 

36 c.c. 

84 c.c. 

Of cone, acid 
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LIST OF BENCH APPARATUS IN CHEMISTRY 

The following list suggests the apparatus that may be kept 
in each bench cupboard or drawer. The letters E and ^ indicate 
the apparatus which is useful in an elementary or an advanced 
laboratory respectively. The most useful siza is indicated thus * : 

E.A. 3 Beakers, i ijo-c.c., i 230-c.c.*, i 400-c.c. 

E.A. I Beehive shelf, earthenware, 7I cm. diam, 

A. 1 Blowpipe, mouth. Black’s. 

E.A. 2 Boiling tubes, 7 in. by i in. 

E.A. I Bunsen burner, about 5 in. high, with 2 ft. of in. 
indiarubber tubing. 

A. I Burette, 50 c.c. capacity, with stand. 

A. I Charcoal block, 3 in. by i in. by i in. 

(Corks and rubber stoppers. A suitable assortment 
of 20 corks consists of i i J-in., i i-in., 3 |-in., 3 f-in., 
8 fin., 4 fin.) 

E.A. 2 Crucibles and ’s, i 17-c.c.*, i 25-c.c. 

E.A. I Pair of crucible tongs, 6 in. long. (Tongs of nickel 
can be purchased for is. (sd) 

E.A. I Cylinder, graduated, 100 c.c. 

A. I Desiccator, 8 by ^ cm* 

E.A. 2 Evaporating basins, i 120-c.c., i 200-c.c. 

A. 100 Filter papers, ii cm. 

E.A. I Filter stand. 

E.A. 2 Flasks, conical, i ioo-c.c., i 230HC.C.* 

A. 2 Flasks, distilling, i 100-c.c.*, i 250-c.c. 

A. 2 Flasks, graduated, i ioo-c.c.*, i 250-c.c. 

E.A. I Flask, round bottom, 350 c.c. ' 

E.A. 2 Funnels, 3 in. diam. 

E.A. I Funnel thisfic, 8 in. or 12 in. long.* 

E. 3 Gas-jars, with ground flange, 8 in. by 2 in. 

E. 3 Gas-jars slides, 3 in. diam. 

1)3 
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E.A. 

e.a/ 

A. 

A. 

E.A. 

E.A. 

E.A. 


I, 


A. 
A. 
EpA. 
' E.A. 
E.A. 
E.A. 
E.A. 


E.A. 

E.A. 

E.A. 


1 Glass rod, rounded at each end, 7 in. long. 

2 Litmus paper books, i red, i blue. 

1 Mortar and pestle, porcelain, glazed outside and partly 

ihside, 8 cm. diam. 

2 Pipettes, 1 lo-c.c., 1 2f-c.c. 

I Piece platinum wire, 2 in. long, mounted on glass rod. 

1 Pneumatic trough, earthenware, 10 in. by 4 in. high. 

2 Retorts, 1 125-c.c.*, i 350-c.c. 

I 'Retort stand, 17 in. rod, base 6 in. by 3^ in., with 
2 rings, I i^-in. diam., i 3-in. diam., and i ckmp, 
length 'of jaw, 2J in. 

I Sand tray, 7 in. diam. 

I Spatula, bone, 3 in. long, 
i^ Test-tubes, 6 by in.*, or 5 by | in. 

If Test-tube stand, with 12 holes and pegs. 

1 Test-tube brush. 

I Triangle, 2 in. sides (Vitreosil on nickel-chrome wire). 
I Tripod stand, triangular top, 8 in. high, length of side, 
6 in. 

1 Wash bottle. 

2 Watch glasses, 2 in. diam. 

I Wire gauze, 4 in. by 4 in., with asbestos centre. 
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CHART OF EXPERIMENTS IN PRACTICAL qfl^MISTRY 


M 

Experiment. ^ 

2 

Q 

i 

< 

Barrett, M. 

Chapman, P. \ 

Green, W. | 

0 

Jones, K. 

1 

Saunders, K. | 

< 

i 

i 

• 

1 

Volumetric Analysis. 

A . Acidimetry and Alkalimetry 

Determine strength of given HCl 
etc 










X 

X 

■X 

X 

X 

X 

X 

X 

X 

X 

X 























B. Potassium Permanganate 

Preparation of an N/ 10 soln. of KMn 04 
etc 

X 

X 

X 

X 

X 

X 


X 

X 


X 





• 



















C . Silver Nitrate 

Preparation of an N/ 10 soln. of AgNOj 
etc 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x» 
























D. lodimetry 

Preparation of an N/io soln. of Iodine 
etc 













X 

X 

\ 

\ 

X 

X 

\ 

>< 

l\ 

X 



















! 




n 

Gravimetric Ana* 'Sis. 

Determine % of HjO in biue Vitriol 
etc 












X 

\ 

X 

X 

X 

\ 


X 

X 

X 

X 













! 











Inorganic Preparations. 
Preparation of PClg* 

etc 

X 

X 

X 

-- 

X 

— 

X 

X 

— 

— 

\ 










- 

— 








• 


Physical Chemistry. 

Find the density of COj 
etc 















X 



\ 


X 


X 
























Organic Chemistry. 

Show the presence of Nitrogen* 
etc 












X 


\ 

X 


\ 



\ 

X 





































Notes . — I. When an expenment is commenced make a diagonal mark in the 
appropriate column. 2 . When the experiment has been completed, and the accoimt 
of it initialled by the teacher, draw the opposite diagonal. }. Experiments marked * 
must not be commenced until individual permission has be^ obtained. 
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CHART OF EXPERIMENTS IN PRACTICAL PHYSICS 


ExPERli^ENT. i 

H 

< 

pi 

1 

£ 

Jones, K. 

Mantell, M. 

pi 

1 

Rogers, A. 

CO c 

5 

lA 

pi 

1 

ij 

1 

f 

Mechanics and Hydrostatics. ^ 
Young’s Modulus 
etc 

. . ' ... 

Heat. 

Coefficient of linear expansion (Cu) 
.«c 

Light. 

'"Refractive %^ndelt of Glass 

Sound. 

Velocity of Sound (Kundt’s Tube) 












X 

\ 

X 

X 

X 

~ 

X 


<x 

X 

Xi 









1 


1 


1 








1 

X 

X'_ 

1 

X 

X 


- 

\> 

<x 

\ 

X 























\ 

X 

\ 

\ 

X 

- 

X 

x^ 

^ X 

X 

X' 

-r 











z 











1 

X 

X 

X 

X 

\ 

— 

X 

x> 

1 

<\ 

X 

X, 

Magnetism. 

Pole Strength of a Magnet 

Electricity. 

^Comparison of E.M.F. of two cells 








r" 




X 

X 

X 

X 

X 

— 

X 

x> 

( X 

X 

k 

_J 











__l 












X 

X 

X 

X 



\ 

x> 

cx 

X 

X 
























J 









“T" 





Notes, — 1. When an experiment is commenced make a diagonal mark in the 
appropri^ column, a. When the experiment has been completed, and the account 
of it initialled by%he teacher, draw the opposite diagonal. 5. Experiments marked * 
must not be commenced until individud permission has been obtained. 
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Accidents, legal aspects of, mo 

— prevention of, 134 
Accumulators, 75 
Acetic acid, 48, 88, 138 
Acetone, 48 
Acid^cohol, 89 

— burns, 146 

— fuchsin, 88 

— in eye, 148 

— on clothes, 3 5 

Acids, concentrated, 68, 138 

— in volumetric work, 63 
Agar-agar, 88 
Alcohol, 88, 139 

— absolute, 48 

— purchase of, 120 

— residues, 24 
Aldehydes, 139 
Alkali burns, 139, 147 

— in eye, 149 
Alkalies, 63 
Aluminium, 48 
Amalgamation, 70 
Amines, 139 
Ammeters, 71 
Ammonia, 139 

Ammoniacal cuprous chloride, 48^ 
Ammonium acetate, 49 

— carbonate, 49 

— chloride, 49 

— hydroxide, 49 

— iodide, 139 

— molybdate, 49 

— nitrate, 30, 139 

— nitrite, 140 

— oxalate, $0 

— sulphate, 50 

— sulphide, 50 

— sulphocyanide, 3 o 
Amphibians, 103, 103 


Amyl nitrite, 140 
“ Analar ” chemicals, 1 19 
Anemones, sea, 104 
•Aniline, 51, 140 
-- chloride, 89 

Animals, killing, preservation,,! 03' 

— occurrence»of, 106 ff. 

Antimony, 31 

Apparatus, inspection of, 19, 134, 

137 

— setting up, 18 

— storage, 43 
Aqua regia, 3 1 
Aquarium, 14, 95 
Arbitrary system, 4U 
Arrangement of experiments, 24 
Arsenic, 140 

Arsenious oxide, 31, 63 
Arthropods, 103 
Asbestos filters, 3 1 
Aspirators, 47 


Balances, care of, 26 

— position of, 8 
“ Ballooning,” 3 3 
Barium chloride, 3 1 

— hydroxide, 3 2, 66 

— nitrate, 3 2 
Barometer, 27 
Basins, evaporating, 37 
Bench tops, x, 3 

treatment of, 28 

Benches, biology, 14 

— chemically 

— demonstration, 2 ff., 4, 

— physics, 12 
Benzene, 140 

— residues, 24 
Benzoic acid, 32 
Birds, 103, 106 ff.^ 


12 


159 



i6o 


index 


Bismafk brown, 90 
Blackboard, 3 
Blcaf hing |>pwdcr, 5 2 
Blowpipe tabh, ii 
Borax, 52 

— carmine, 90 
Boring of corks, 36 
Bottles, charged for, 1 1 9 

— labelling of, 30 

— reagenj;, 29, 1 19 
Bouin’s fluid, 90 
Boxes, resistance, 84 ^ 
Breakages, 19 
Bromates, 140 
Bromine, 52,^140 

-|- burns, 147 

— inhalei, 148 

— vapoul in eye, 148 

— water, 52 
Building ♦•^guLtions, i 
Pulh tubes, 72 
j^umping, 31 
Bunsen burner, 31 

— flame, 32 
Burns, 146 

Calcium carbonate, 5 2 

— chloride, 52 

— hydroxide, 53 

— sulphate, 5 3 
Calorimeters, 73 
Canada balsam, 3 i, 90 
Capillary tubing, 73 
Carbolic acid,^8, 138 
Carbon bisulfide, 53, 140 

— dioxide, 33, 141 

— monoxide, 141 # 

— tetrachloride, 141 
Carriage of goods, 1 1 9 
Caterpillars, 105 
Cells, 74 

Chclifers, 109 ff. 

“ Chemically clean,” 34 
Chloral hydrate, 90 
Chlorates, 141 


Chlorine, 141 

— inhaled, 148 

— oxides, 1 41 

— wajef, 53 
Chloroform, 54 
'Chrom-acetic acid, 90 
Chromic acid, 34, 138, 141 
Chrysalids, 105 
Cleanliness, 32, 35 
Clothes on fire, 148 
Cobalt nitrate, 54 

— paper, 91 
Collecting plants, 97 
Coloured liquid, 76 
Compasses, 76 
Connecting wires, 76, 78 
Copper, 54, 70 

— acetylide, 141 

— oxide, 54 

— sulphate, 34 
Corks, 33, 133 
Corrosive sublimate, 37, 91 
Cover glasses, 20, 95 
Crucibles, 36 

— tongs, 36, 37 
Crustaceans, 105, 104, 109 
Crystallization from residues, 2 1 
Cupboards, bench, 6 

— cleanliness of, 3.7 

— fume, 7, 12 
store, 9, 1 3 

Qiprammonium sulphate, 91 
Customs and Excise, 120 
Cuts, 146 
Cyanides, 141 
Cyanogen, 141 

Dclaficld’s hacmatoxylin, 91 
Deliquescent substances, 26, 68 
Delivery tubes, 44 
Demagnetization, 82 
Demonstration bench, 2, 4, 12 
Dimethylglyoxime, 34 
Dinitrobenzene, 142 
Diphenylamine, 34 
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Dirty vessels, 33 
Discipline, 16 ‘ 

Draining-board, 9 
Drains, 3, 6 ff. 

Drawers, 6, 37 
Drying of plants, 97 
Dutch metal, 77 

Earthworm, 104 
Eau dc Javelle, 91 
Ebonite, 77 
Echiiwderms, 103 
Economy, 19 
Efflorescent substances, 68 
Electric cells, 74 

— machines, 87 

— shock, 149 

Electricity, experiments in, 77 

— supply of, 3, 13, 14, 78, 147 
Electrostatics, 77 

Eosin, 92 
Ether, 54, 142 
Ethyl acetate, 5 5 

— chloride, 3 > 

— iodide, 5 3 
Ethylene dichloride, 142 
Experiments, arrangement of, 2 * 
Explosions, 142 

Eye injuries, 148 fF. 

Eye-pieces, loi 

Fainting, 149 
Fchling’s solution, 3 3 
Ferns, 1 10 ff. 

Ferric chloride, 3 3 

Ferrous ammonium sulphate, 3 3 

— sulphate, 3 3 

— sulphide, 56 
Filter paper, 20 
Fire, 147, 148 
First aid, 146, 130 
Fish, 103 

Flowers in bloom, 114 
Flues, 11 
Fluorescein, 76 


riuorine, 142 
Fly, blow-, 105 
Formal jjjehyde, 139 
Formalin, 92 

— alcohol, 92 - 

Formic acid, 138 
Fortin's barometer, 27 
Fume cupboard, 7, 12 
Fungi, 1 1 1 ff. 

Furnace, muffle, 10 
Fusion mixture, 36 

Garden, school, 13, 91 
Gas supply, 20 
Gauges, rain, 84 
Gentian violet, 92 
Glass rack, 1 1 

— slips, 96 

— smoked, 83 
Glassware, 127 

— graduated, 126 

— heating of, 136 

— purchase of, 122 

— tests on, 123 
Glycerin, 36, 92, 93 
Gold size, 93 
Gunpowder, 142 

Hands, cleaning of, 33 
Herbarium, 96 
Hvdra, 104 

Ijydrochloric acid, y6, 138, 143 
Hydrofluoric acid, 139 
Hydrogen, 143 

— cyanide, 143 

— fluoride, 143 

— peroxide, ^ 

— sulphide, 36, 143 
Hydrometers, 79 
Hygro5copi?^bstances, 68 

Indicators, 36, 66 
Inflammable substances, 68, 143 
Insects, 103 ff, 
lodates, 144 
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Iodine/ 56, 65, 93 
green, 93 

— recover)! 22 
Iron, 37 

— filings, 80 
Ironworki, 12, 37 

Killing of animals, 103 
Labels, 30*" 

L'aboeatory, biology, 1 3 

— chemistry, 4 

— combined, 14 

— discipline \n^ 16 ff. 

— log-^)okfi3 
-^^physicji, 12 

■ — size ofj I fFf 

— ^pek book, 23 

LantcHi, 3 . 

^Uad ^44 
^ acetate, 37 
Lenses, 80 
Lichens, 107 ff. 

Lighting arrangements, 1 1 
Lime water, 3 3 
Liquid, coloured, 76 

— on skin, 149 ^ 

Liquor ammoniac fortis, 49 

' Litmus, 66 
Liverworts, 107 ff. 

Log book, 23 

Magnesium, 37 

Magnetism, c^eriments in, 77 
Magnets, 81 
Mammals, 105 ff. 

Manganese dioxide, 37 
Mechanics, 13 

Membranes, 8emi-penf<<iable,''99 
Mercuric chloride, 37* 93 
Mercury, 57, 70, 144 

— cleaning of, az 

Metals work in laboratory, z 2 
Methylated spirits, 89, zzo 


Methyl green, 93 

— orange, 66 
Methylene blue, 93 
Microcosmic salt, 37 
Microphotographs, 99 
Microprojector, 100 
Micisoscopes, 14, 100 
Millon’s reagent, 93 
Mirrors, 82 
Molluscs, 103, 107 ff. 
Mortars, 38 
Mosses, 107 ff. 

Mounting of plants, 98 
Mussels, 104 

Narcotization, 104 
Nature Calendar, 106 ft. 
Negligence, 130 ff. 

Nessler’s reagent, 38 
Nitric acid, 38, 139, 144 
Nitrobenzene, 144 
Nitrogen, 144 

— chloride, 144 

— compounds, 144 

— iodide, 144 
Nitrous fumes, 144 

— oxide, 144 
Notice board, 1 1 

Oil of cloves, 94 
Optical glass, 8z 
Organic acids, 139 
( 5 smic acid, 94 
Osmosis, membranes for, 99 

— solutions, 94 
Ovens, 10, 39 

Pairing of pupils, 17 
Paraffin wax, 94 
Penclulum bob, 83 
Pestles, 38 
Phenol, 38, 138 

— phthalein, 66 
Phloroglucin, 94 
Phosgene, 143 
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Phosphorus, 58, 145 

— burns, 131*, 132, 147 

— chlorides, 143 

— hydrides, 145 
Picric acid, 39, 94, 145 
Piero carmine, 94 
Pipettes, 127, 137 
Plants, collection of, 97 

— occurrence of, 106 flf. 
Platinic chloride, 39 
Platinized asbestos, 3 9 
Platinum foil, 40 

— vessels, 40 

— wire, 39 
Pond life, 107 ff. 

Porcelain ware, 128 
Porous pots, 83, 99 
Potassium, 39, 143 

— arsenate, 3 1 

— arsenite, 3 1 

— bichromate, 64 

— chlorate, 39, 143 

— chromate, 66 

— cyanide, 39, 103, 143 

— ferricyanide, 39, 143 

— ferrocyanide, 60, 143 

— hydroxide, 60, 94 

— hypochlorite, 91 

— iodide, 60 

— permanganate, 60, 64, 143 

— pyrogallate, 94 

— sulphocyanide, 60 
Preparation room, 9 
Preservation of animals, 103 ff. 

— of plants, 97 
Protozoa, 104 
Purchase of alcohol, 1 20 

— of apparatus, 117 

— of biological materials, 121 

— of chemicals, 118 

— of glassw^e, 117 

— methods of, 117 

Rain gauges, 84 
Reagents, 46 


Recovery of substances, 21* 

Rectified spirits, 48 
Rcctifi^, 71 
Reptiles, 103, 103, loj 
Resistance boxc%, 84 

Safety precautions, 78 
Safranin, 93 
Saline solution, 93 
Schultz^s solution, 93 
Sea shore, life on, 1 1 1 
Shelves, balance, 8 

— reagent, 3, *46 

— store, 9 
Shock, 148 
Silica ware, 1 24 
Silver nitrate, 60, 64 
stains, 3 3 

— residues, 21 
Sinks, 6, 41 
Skeletons, 104, 103 
Skulls, 103 
Slugs, 104 
Smoked glass, 83 
Snails, 104 

Soap solution, 83 
Soda lime, 60 
Sodium, 60, 146 

— acetate, 61 

— amalgam, 61 

— bicarbonate, 64 
carbonate, 63 

— cobaltinitrite, 61 

— hydroxide, 61 

— nitro prusside, 63 

— peroxide, 62 

— phosphate^ 62 

— thiosulphate, 63 

Solutions for volumetric work, 63 ff. 
Spiders, 

Stains, removal of, 3 3 
Stands, burette and pipette, 44 
Stannous chloride, 62 
Starch iodized papers, 67 

— solution, 67 
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Starfish, 165 
10 

S*ocL bool^ 25 
Stoppers, loosening of, 4 

— rubber, 42, i?5 r 
Storage qf apparatus, 43 

— botanical materials, 96, 102 
' — chemicals, 67 

— zoological materials, 103 
Storage room, 3, 9 
Substances, recovery of, 21 
Sudaif*!!!, 95 
Sulpha)/ng, 76 

dioxide, 148 

Sulohbjric aci 4 62, 133, 139 

^blc, bl^pipc, 1 1 
‘iVdnolqsJjiioS^ 

Ta^^o 

'Shermqmetcrc 44, 72 

'TluTt?' rimes Normal system, 47 

eroluenc, 146 

Transformers, 86 

Traps, drain, 7 

Trays, 5 


Turntables, 102 
Twice Normal system,' 46 

Varnish, paper, 31 
Volatiffe substances, 26, 68 
Voltameter solutions, 86 
Vokmeters, 71, 72 
Volumetric analysis, 63 

Washing of bottles, 3 5 
Waste box, 6, 41 
Wat?h glasses, 102 
Water culture, 95 

— supply, 20 
Wax, label, 30 

— paper, 80, 86 

— paraffin, 94 
Weights, balance, 26 
Wimhurst machine, 87 
Wire, connecting, 76, 78 
Wrong substances, 13/ 

Xylene, 146 

Zinc, 70 




